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ABSTRACT 
Jitanotrichum oldhamii is a rare monotypic genus from Taiwan, Ryukyu Is of Japan 
and adjacent regions of China. The difficulty of classifying litanotrichum oldhamii is 
because it bears several features common to Scrophulariaceae and Gesneriaceae. It also 
has several unique morphological characters, such as bulbil proliferation in the 
inflorescence, which is never seen in other Gesneriace or Scrophulariaceae species. In 
this study, I studied the phylogenetic position of Titanotrichum using several chioroplast 
and nuclear gene sequences (trnL-F intron-spacer, atpB-rbcL spacer and ribsomal 26S 
gene), including one floral developmental gene (CYCLOIDEA, a floral symmetry gene). 
The results indicated that Titanotrichum oldhamii should remain within Gesneriaceae, but 
a novel relationship with species of the geographically isolated southern Pacific 
subfamily Coronantheroideae and the New World subfamily Gesnerioideae was 
discovered. As asexual reproduction by bulbils is a unique feature, the ontogeny of 
bulbils and inflorescences was also carefully examined. It was found that the floral 
meristem could switch to bulbil primordia formation at the end of the flowering season, 
with a possible regulation by daylength. A candidate gene, Gesner-FLORICAULA 
(GFLO), has subsequently been isolated. Expression studies showed that the GFLO 
homologue was strongly expressed in inflorescence meristems and young flowers, but 
was significantly downregulated when the meristem switches to bulbil formation, 
indicating that this gene is linked to the bulbil regulatory pathway. In the wild, 
Titanotrichum oldhamii has a vulnerable status as most populations are small and 
scattered. To aid a possible conservation strategy, 25 natural populations were 
investigated for their genetic variation. A RAPD and inter-SSR analysis supports the 
conclusion that many populations reproduce asexually, in total around one third of the 
plants where analyzed probably derived from bulbils. However, significant amounts of 
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variation exist between populations, reflecting population differentiation by drift. The 
northern Taiwan populations contained the highest genetic diversity and those in China, 
Japan and south are a subset of this diversity. This is congruent with a hypothesis of the 
origin of these satellite populations from a northern Taiwan stock, due to migration from 
part of population expansion linked to glaciation and land bridge formation between 
China and Ryukyu. Field observations showed very limited seed production. The failure 
of sexual reproduction has been pinpointed to an inhibition of pollen tube growth in the 
style or a loss of guidance of the pollen tube near the micropyle. Environmental 
parameters and developmental process (bulbil development) seems to be involved in this 
process. Pollination experiments conducted both in the field and greenhouse agreed that 
Titanotrichum could be regarded as a facultative outbreeder, as outcrossing between 
populations results in significantly higher seed set. This fact, together with low seed set 
in the wild, implies that generalist pollinators are not very effective or specialized 
pollinators extinct. This was confirmed by field observations showing low frequency of 
visits of non-specialized pollinators. With limited population size, their scattered 
distribution, low genotypic diversity and rare seed set, the production of numerous 
bulbils of Titanotrichum appears a key innovation essential for its survival to date. 
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Chapter One: General introduction 
1.1 Discovery of Titanotrichum oldhamii 
With its distinctive deep yellow corolla, the lobes inside blotched with dark 
crimson, Titanotrichuin o/dhainu amazed gardeners' eyes when it was cultivated for the 
first time. The whole plant is densely hairy, the hairs being impregnated with lime. It 
was this feature which suggested the generic name, titanos, the lime and thrix, the 
hair (Sealy. 1949). 
FIGURE 1.1 Painting of 
Titanotrichuni oldlia,nu. 
From Sealy (1949). 
It was discovered by the Kew collector Richard Oldham during his trip around 
northern Taiwan in 1864. This young botanist died of fever shortly afterwards in China. 
Therefore, when Hemsley in 1890 described it as a new species in the Scrophulariaceae, 
he chose the name Rehmannia oldhamii as a memorial to Oldham (Hemsley 1890; 
Henry 1898; Matsumura and Hayata 1906). 
1.2 Uncertain taxonomic Dosition of Titanotrichum oldhamii 
Rehmannia is a unique genus of Scrophulariaceae endemic to China. It is 
characterized by its spreading hairs, and its long racemose inflorescence with leaves 
gradually reduced to bracts. That is why Titanotrichum oldhamii was first included in 
Rehmannia (Hemsley 1895). On the other hand, in Rehmannia, unlike Gesneriaceae the 
anthers-connected stamens arise from a short distance above the base of corolla tube, 
and are without the staminode. The ovary is bilocular. The seeds are reniform, 
sculptured or papillate, rather than linear with membranous appendages as in 
Titanotrichum oldhamii. Moreover, the one celled ovary of Titanotrichum oldhamii 
indicates that it should be included in Gesneriaceae. The major difference between 
Scrophulariaceae and Gesneriaceae is placentation type, which in Scrophulariaceae is a 
two-locule axile placentation but a one-locule parietal placentation in Gesneriaceae 
(Porter 1967). Given that, the treatment of Titanotrichum oldhamii (one-locule) in 
Rehmannia (two-locule) was apparently inadequate. 
The German botanist, Solereder, therefore in 1909 published the new name, 
Titanotrichum oldhamii, a distinctive monotypic taxon of the Gesneriaceae. He 
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examined more ripe seeds and capsules of Titanotrichum oldhamii, and though he was 
still unsure of its taxonomic position, he published its current name and included it in 
Gesneriaceae rather than previously in Scrophulariaceae because the ovary is one 
locule. This was just two months before Hemsley came to the same conclusion, on 
which he established a new combination under the genus Matsumuria (Hemsley 1909; 
Solereder 1909; Hayata 1911). 
1.3 Taxonomic relationship of Titanotrichum within Gesneriaceae 
However, with its underground scaly rhizomes, appendiculate seeds and truly 
racemose inflorescence, Titanotrichum is still distinct within the Gesneriaceae. Based 
on floral structure and the scaly rhizomes, Sealy (1949) suggested Titanotrichum 
superficially resembles the neotropical genera Isoloma (Kohieria), Gloxinia and 
Naegelia, both in growth habit and morphology. This view was later rejected by Burn 
(1962), because scaly rhizomes were also found in the Himalayan genera Briggsia and 
Platystemma and Titanotrichum is only geographically distributed in Old World. 
The most recent classification of Gesneriaceae is by Burtt and Wiehler (1995) based 
on morphological characters and cytological data. Of all distinguishing characters, 
seedling morphology was extremely important. The New World species (subfamily 
Gesnerioideae) and the Southern Pacific group (subfamily Coronantheroideae) have 
equal sized cotyledons after germination, whereas all the Old World species are 
anisocotylous. However, due to the lack of knowledge of the seedling structure of 
Titanotrichum and common diagnostic morphology with other existing tribes, they left 
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its tribal affinity uncertain within subfamily Cyrtandroideae. This is the similar to the 
treatment of Wang and Pan (1992) who raised it as a new monotypic tribe, 
Titanotricheae, containing the only Titanotrichum. As Wang et al. (1998) concluded, 
Titanotrichum is "A monotypic genus of very uncertain affinity". Its placement in 
Gesneriaceae is generally accepted but still remains problematic. 
Using molecular data to analyze genealogical relationships has become popular over 
the last few years. It provides many more molecular characters for analysis than 
morphological characters. To suggest the possible systematic position of Titanotrichum, 
a reconstructed molecular phylogeny with samples from Scrophulariaceae s.l. and 
Gesneriaceae species is required. 
1.4 Bulbil development in Titanotrichum 
During inflorescence development in Titanotrichum, perhaps the "deformed 
flowers" (bulbils) attract the most attention from botanists (Hayata 1908; Hayata 1912). 
Bulbils are usually initiated late in the flowering season (September to November). 
Some arise from the terminal part of the flowering branch, whereas others grow on an 
additional spike from leaf axils. These bulbils cluster on the peduncle or are axial to the 
flowers (Fig. 1.2). It seems that each cluster of bulbils is initiated from the axillary bud 
of a bracteole, like the flower. Although these embryo-like bulbils are tiny (c. 3mm 
long), they can grow vigorously into seedlings in couple of weeks. 
• 
FIGURE 1.2 Line drawing of Titanotrichum from Flora of Taiwan (Li & Kao 1998). 
(left) and (right) detailed of bulbil inflorescence from Stapf (1911). 
At present, there is no other observation on bulbil formation in Scrophulariaceae and 
Gesneriaceae species except one, Mimulus gemmiparus (Moody et al. 1999). As bulbils 
are initiated at the flower position, the potential ability of floral meristem to transform 
into bulbil primordia is of evolutionary interest in Titanotrichum. Detailed study to 
examine the developmental onset of bulbils may help to clarify that. It is also intriguing 
to find out the genetic mechanism behind this transformation because bulbil initiation 
has been reported in many species such as Sax (fraga (Saxifragaceae), A ilium (Alliaceae) 
Poa and Agrostis (Gramineae) (Grant 1975; Briggs and Walters 1997). Systematically 
Titanotrichuin is close to the model plant Antirrihnum (Scrophulariaceae). This allows a 
candidate gene strategy to be utilized in finding the possible developmental pathway. 
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1.5 Habit, population biology and geographic distribution 
Titanotrichum oldhamii grows in dense shaded places along creeks, on dripping 
cliffs under the shade of trees, on moist limestone slopes in deep forest and rocks at the 
entrance to caves (Fig. 1.3). Despite activities of bulbil proliferation observed in almost 
all populations, the species is extremely rare in the wild. This might be because of the 
strict habitat requirements of limestone and damp soil. The majority of populations are 
isolated, scattered and of small size, at the headwaters of creeks. 
Recent data indicated it only occurs in Taiwan, southern Ryukyu islands of Japan, 
and to the Fujien province of China. Local floras such as the flora of China and the flora 
of Okinawa both reported it as a rare species (Walker 1976; Wang et al. 1998). 
From a preliminary check of all herbarium specimens, seed set appears to be 
extremely rare. A possible pollination or fertilization failure in sexual reproduction of 
Titanotrichum is predicted. It thus suggests that clonal growth by asexual rhizomes and 
bulbils may be the major reproductive strategy for Titanotrichum to survive in the field. 
To examine the extent of its population genetic diversity, breeding behaviour and to 
evaluate a possible conservation strategy, a broad scale survey of most accessible 
populations of Titanotrichum was carried out. 
1.6 Objectives 
Therefore the main goals of this thesis are: 
From a reconstructed molecular phylogeny, to suggest the possible systematic 
affinities of Titanotrichum. 	 Chapter Two 
Uncover the developmental process of bulbil proliferation in Titanotrichum 
and its relation to flower development. 	 Chapter Three 
Investigate candidate genes which may integrate environmental and intrinsic 
signals for bulbil development. 	 Chapter Four 
Study the population genetic structure of Titanotrichum in order to provide 
conservation suggestions. 	 Chapter Five 
Investigate pollination and fertilization processes of Titanotrichum to tackle 
the problems of its sexual reproduction. 	 Chapter Six 
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Chapter Two: Phylogenetic position of Titanotrichum oldhamii 
(Gesneriaceae) inferred from four different gene regions 
2.0 Chapter summary 
Titanotrichum oldhamii has been variously placed in Gesneriaceae or 
Scrophulariaceae, although most recent taxonomic treatments treat it as a monotypic 
tribe within Gesneriaceae. In this study, I reconstructed a broad-scale phylogeny 
containing Titanotrichum using gene sequences from four sequence regions (chioroplast 
trnL-F intron / spacer and atpB-rbcL spacer, nuclear 26S ribosomal DNA and the low-
copy developmental gene CYCLOIDEA). The phylogenies inferred from each individual 
data set and the combined data are congruent in placing Titanotrichum inside 
Gesneriaceae. The phylogenetic tree based on combined chioroplast and nuclear DNA 
sequences grouped Titanotrichum with subfamilies Gesnerioideae (New World) and 
Coronantheroideae (Southern hemisphere). I have also isolated the nuclear 
developmental gene, CYCLOIDEA (CYC), from most of the representative species of 
Gesneriaceae and Scrophulanaceae, and the gene phylogeny reconstructed suggests the 
same placement of Titanotrichum. CYC was found to evolve three times faster than the 
trnL-F intron / spacer, 3.3 times faster than the atpB-rbcL spacer and eight times faster 
than nuclear 26S rDNA. Although there is considerable phylogenetic information in this 
fast evolving gene, analysis is problematic because of high levels of homoplasy and 
paralogy. In addition to a pre-date speciation duplication (Gcycl vs. Gcyc2), there are 
many subsequent lineage-related duplications (mainly within Gcycl). 
Key words: 26S ribosomal DNA, atpB-rbcL, CYCLOIDEA, developmental gene, 
gene duplication, gene redundancy, Gesneriaceae, rate of evolution, Titanotrichum, 
trnL-F. 
2.1 Introduction 
The monotypic taxon, Titanotrichum oldhamii (Hemsi.) Soler., has problematic 
affinities, being variously placed in Scrophulariaceae (sens. lat.) and Gesneriaceae 
(Bum 1962, 1977). The difficulty of classifying Titanotrichum arises because it shares 
several features with both Scrophulariaceae s.l. and Gesneriaceae. The species was first 
placed in Rehmannia (Scrophulariaceae) as its racemose inflorescence and showy bell-
shaped flowers are reminiscent of Scrophulariaceae such as Rehmannia and Digitalis 
(Hemsley 1895). Later in 1909, Solereder named it as a new genus Titanotrichum in 
Gesneriaceae based on the unilocular ovary (Solereder 1909). It was placed in the Old 
World subfamily Cyrtandroideae on account of its superior ovary and geographic 
distribution (Solereder 1909). Recent taxonomic treatments raised it to a monotypic 
tribe in the Old World subfamily Cyrtandroideae because of its unique morphology 
(Wang and Pan 1992; Burtt and Wiehier 1995). A recent molecular phylogenetic study 
using chloroplast ndhF gene sequences addressed its position within Gesneriaceae; it 
was placed as sister to the rest of subfamily Cyrtandroideae but with little branch 
support (Smith et al. 1997a,b). On the other hand, a chemotaxonomic study on phenolic 
acid compounds grouped Titanotrichum, Cyrtandromoea and Rehmannia into 
Scrophulariaceae (Kvist and Pedersen 1986). Sealy (1949) allied Titanotrichum to new 
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world Gesneriaceae genera, Isoloma and Naegelia, because they possess similar habit 
and scaly rhizome. Anisocotyly is probably the most reliable character to separate 
Cyrtandroideae (Old World) and Gesnerioideae (New World) (Burn and Wiehler 1995). 
In many Old World species the cotyledons become unequal in size soon after 
germination (anisocotyly) due to the extended activity of a meristem at the base of the 
cotyledon, while New World species of subfamily Gesnerioideae and 
Coronantheroideae are all isocotylous, lacking such persistent meristematic activity 
(Burtt 1962). Interestingly, in Titanotrichum, although geographically Old World, is 
isocotylous (Chapter 3). A report by of anisocotyly by Wang et al (2002) appears to 
refer to asymmetry of cotyledon size at germination, not to persistent cotyledon growth. 
Furthermore, it has several unique morphological characters, such as bulbil proliferation 
in inflorescences (Chapter 3), not seen in any Gesneriaceae or Scrophulariaceae species. 
To solve this problem of the placement of Titanotrichum, I use an approach 
combining molecular evidence from two chloroplast DNA (cpDNA) sequences, trnL-F 
intron / spacer and atpB-rbcL spacer, the 26S nuclear ribosomal DNA (nrDNA) and a 
nuclear developmental gene, CYCLOIDEA. The evolutionary rate of 26S is somewhat 
less than that of the chloroplast rbcL gene and is comparable to that of the chloroplast 
ndhF or matK gene (Ro et al. 1997, Kuzoff et al. 1998). However potential coevolution 
among expansion segments (divergent domains, D1-D12) and their faster rate of 
evolution compared to the conserved core region could bias phylogenetic utility at the 
deep taxonomic level, i.e. above family (Bult et al. 1995). For comparisons at the family 
level or below however, as homoplasy is reduced, 26S data has proved to be 
phylogenetically informative, particularly for previously unresolved clades and taxa 
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(Oxelman and Lidén 1995; Hershkovitz et al. 1999). Noncoding gene regions evolve 
with fewer functional constraints, and are therefore favoured for phylogenetic analysis. 
The chloroplast trnL-F intron I spacer and atpB-rbcL spacer have been successfully 
used for inferring phylogenies at the generic and intrageneric level (Taberlet et al. 1991; 
Golenberg et al. 1993; Gielly and Taberlet 1994; Manen et al. 1994), and have also 
recently been used successfully on Gesneriaceae (Mayer et al. 2003). In Gesneriaceae 
the trnL spacer evolves twice as fast as the trnL-F intron, indicating that the latter is 
under some functional constraint (Mayer et al. 2003). 
CYCLOIDEA belongs to a multigene family, the TCP family, which comprises 
axillary meristem identity genes in Zea mays (TB]), floral symmetry genes in 
Antirrhinum majus (CYC) and DNA- binding protein genes in Oryza sativa (PCF) 
(Cubas et al. 1999a, 1999b; Cubas 2002). The gene family encodes putative 
transcription factors (Doebley & Lukens 1998). The TBJICYC subfamily (Cubas 1999b) 
is characterised by two conserved regions: a basic helix-loop-helix TCP domain and an 
arginine-rich R domain. CYCLOIDEA is expressed in the dorsal part of the flower to 
create unequal dorsal-ventral growth resulting in zygomorphic flowers (Luo et al. 1996, 
Almeida et al. 1997). In Antirrhinum, loss of function mutations of CYCLOIDEA do not 
result in fully actinomorphic flower development but another loss of function in the 
related gene DICHOTOMA is required to obtain full actinomorphy (Almeida 1997; Luo 
et al. 1999). 
Within the Lamiales, the Gesneriaceae are ancestrally zygomorphic with a few 
genera exhibiting secondarily and independently evolved actinomorphic flowers (Burtt 
1994; Cronk and Möller 1997; Endress 2001). Pollinator selection or loss of pollinators 
is likely to be responsible for driving this process (Giurf'a et al. 1999). Möller et al. 
(1999) have isolated two putative homologues in Gesneriaceae (Gcyc] vs. Gcyc2) 
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species with different flower symmetries, in an attempt to test their sequence divergence 
in relation to morphological changes (zygomorphy vs. actinomorphy). Their results, 
together with a follow-up study (Citerne et al. 2000), however did not suggest loss of 
functional genes in actinomorphic taxa. However, they found that Gcyc sequences were 
useful for reconstructing phylogenies at genus or tribal level (Möller et al. 1999; Citeme 
et al. 2000). The sequence divergence of Gcyc was ca. three times greater than trnL-F 
but less than ITS in inter-generic comparisons (M011er et al. 1999). 
There are two major paralogues in Gesneriaceae: Ocyci and Gcyc2 (Möller et al. 
1999; Citerne et al. 2000). Since CYC belongs to a multi-copy gene family, it is 
reasonable to expect that two or more homologues would be isolated in each taxon 
studied. Orthologues and paralogues may be identified by phylogenetic analysis (Baum 
1998; Eisen 1998; Baum et al. 2002). 
The aim of this study is to obtain chloroplast trnL-F, atpB-rbcL, nuclear 26S and 
CYCLOIDEA gene sequences from selected taxa to investigate the phylogenetic 
position of Titanotrichum oldhamii, and to investigate how the Gcyc homologues 
evolved in these species with respect to gene duplication and extinction events. Because 
Titanotrichum has been placed in both Scrophulariaceae and Gesneriaceae, I sampled a 
large number of representative taxa from both families. 
2.2 Materials and Methods 
2.2.1 .Plant material 
Plant material from selected Gesneriaceae, Scrophulariaceae, and Solanaceae species 
was collected either from living plants cultivated at the Royal Botanic Garden 
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Edinburgh (E), the Institute of Botany, University of Vienna or from field collections. 
For taxa cultivated at Edinburgh, voucher specimens were deposited in the herbarium 
(E). Details are given in Table 2.1. Eight taxa representing major clades of 
Scrophulariaceae s. 1. were selected according to Olmstead et al. (2001), and 18 taxa of 
major tribes in Gesneriaceae following Burtt and Wiehler (1995). Solanales are sister to 
Lamiales (Albach et al. 2001) and so Schizanthus x wisetonensis and Nicotiana 
tabacum were chosen as outgroups. 
2.2.2 DNA extraction 
DNA from fresh or silica-dried leaves was extracted following a modified CTAB 
procedure of Doyle & Doyle (1987). For DNA containing significant amounts of 
secondary metabolic compounds (e.g. Epithema benthamii), an additional phenol 
purification step was added (Sambrook et al. 1989). 
2.2.3. PCR primer desicn and PCR conditions 
To amplify four different gene regions efficiently across distantly related species, 
several new primers were designed or existing ones modified from original 
publications. For the amplification of the complete atpB-rbcL spacer, a new forward 
primer 'ABF' (5'-GGA AAC CCC AGA ACC AGA AG-3') was designed and 
combined with the reverse primer 'JF5' from Manen et al. (1994). To obtain the 
complete trnL-F intron / spacer region primers 'c' and 'f' from Taberlet et al. (199 1) 
were chosen. To obtain the upper part of the 26S ribosomal DNA region, forward 
primer 'ITS-3P' located in 5.8S (M011er and Cronk 1997) and reverse primer '28S2R' 
were used (Oxelman and Lidén 1995). 
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For 26S and atpB-rbcL primers were designed with melting temperatures of around 
62°C, and a theoretical optimal annealing temperature of 5 7C. Therefore a universal 
PCR profile could be applied to these genes amplified. The PCR profile was as follows: 
3 min at 95°C, then five cycles of 1 min at 95°C (melting), 1 min at 57°C (annealing), 2 
min at 72°C (extension), followed by 30 cycles of 45 s at 94°C (melting), 45 s at 57°C 
(annealing), 2 min at 72°C (extension), with a final extension step at 72°C for 7 
minutes. For primers adopted from other studies, the PCR profiles followed the original 
methodology; i.e. chloroplast trnL-F intron / spacer (Taberlet et al. 1991), chloroplast 
atpB-rbcL spacer (Manen et al. 1994), partial 26S ribosomal nuclear DNA (Oxelman & 
Lidén 1995) and less stringent PCR conditions were utilized for extensive cloning of 
partial sequences of the nuclear developmental gene CYCLOIDEA (Citerne et at. 2000). 
Circa 1,200 base pairs (bp) (35%) from the 5'end of the 26S gene and around 550 bp 
(-70%) of the lower part of the CYCLOIDEA open reading frame (ORF) were amplified 
for my study (for the exact amplified CYC region see Möller et al. 1999). 
Amplicons were checked on 1% agarose gels in 1X TBE buffer with medium field 
strength (voltage/gel length (cm) ratio equal to 4) and visualized under UV after 
ethidium bromide staining (0.1 pg/ml). PCR products were purified using Qiagen 
purification columns (Qiagen Ltd, Dorking, Surrey, UK) according to the 
manufacturer's protocols. 
2.2.4 Sequencing 
Direct cycle sequencing was carried out using the big-dye terminator ready reaction 
mix (Perkin Elmer Applied Biosystems division, Warrington, UK) following standard 
protocols. Sequencing products were analysed on an ABI PRISM 3100 automatic DNA 
sequencer (Applied Biosystems, Warrington, UK). The PCR amplifying primers of all 
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GenBank no. 
Taxonomy 	 Taxon Voucher Origin tmL-F 	atpB-rtcL 	26S 	CYCLOIDEA 
So!anaceae 	 Schizanthus x wisetonensis Cultivated Chadwick (1997) 
Nicotiana tabacum Linn. Cultivated Z00044 	Z00044 	AF479172 Chadwick (1997) 
Scrophulariaceae Si 	Paulownia tomentosa (Thunb.) Steud. 19892925(E) Japan 
Scrophulana canina Linn. Perret S1.119 (G) Europe 
Rehmannia glutinosa Steud. MMO 0152B (E) China -- 
Antirrhinum majus L. Cultivar U0E (E) Cultivated 
AF208341 (cyc); 
Af208494 ( dich) 
Tetranema mexicanum Benth. 19697819(E) Mexico 
Calceolaria arachnoidea Graham 19912379(E) Chile 
Jovellana punctata Ruiz & Par. 19980599(E) Chile 
Loganiaceae Peltanthera floribunda Benth. Hammel 20144 (MO) Peru 
Gesneriaceae (tribe) 
(Titanotncheae) Titanotrichum oldhamii (HemsL) Solereder 19973433(E) Taiwan 
(Besleneae) Besleria labiosa Hanst. 19822666(E) Venezuela 
(Napeantheae) Napeanthus reitzii B.L.Burtt ex Leeuwenb. Perret 156 (G) Mediterranean 
(Coronanthereae) Fieldia australis A.Cunn. 19696862(E) Australia 
Mitraria coccinea Cay. 19792696(E) Chile 
(Episcieae) Ch,ysothemis pulchella Decne. 19802568(E) cultivated 
(Gloxinieae) Sinningia schiffneri Fritsch 19781514(E) Brasil AF208327(Gcycl) 
Kohieria eriantha (Benth.) Hanst. 19821486(E) Ecuador 
(Gesnerieae) Gesneria humiis Linn. Chautems 1179 (G) Cultivated 
(Klugieae) Rhynchoglossum hologlossum Hayata Wang 1207 (E) Taiwan - 
Epithema taiwanensis var. fasciculate S.S.Ying Wang 1208 (E) Taiwan -- 
Epithema benthamii 19972563(E) Phillipines 
Whytockia sasaki (Hayata) B.L.Burtt 19991504(E) Taiwan 




U 	 Ramonda myconi (L.) Rchb. 	 19821564(E) 	Macedonia 	 AF208318(Gcyc2) 
U Didymocarpus citrinus RidI. 19830510(E) Malaysia 
(Cyrtandreae) 	 Cyrtandra apiculata C.B.Clake 	 Cronk & Percy T91 (E) Tahiti 
(Trichosporeae) Loxostigma sp. C.B.Clake 	 199623090 	China 
Table 2.1 Selected species used in the phylogeny reconstruction of Titanotrichum oldhamii. Accession number refers to either living collection 
number (e.g. 19973433) or collector's voucher number from wild collections (e.g. Perret 156). Herbarium abbreviations are Royal Botanic 
Garden Edinburgh (E), Missouri Botanical Garden (MO) and Geneva Botanical Garden (G). The species of Scrophulariaceae s.l. have been 
separated into different families in a recent study (Olmstead et al. 2001). Tribal relationship of Gesneriaceae is according to Burn and Wiehier 
(1995). * * The blank area of GenBank number represents sequences obtained from this study and will submit to GenBank later. 
gene regions were also used as sequencing primers. Several internal primers were 
designed for my samples to allow complementary sequence confirmation. These were 
for the atpB-rbcL spacer region (atpB-VMF forward: 5'-GAA TTC CGC CTW TTT 
TCA CAT CTA-3'; VM-R reverse: 5'-TAG ATG TGA AAA TAG GCG GAA T-3'), for 
26S (26S-Q1F forward: 5'-CAT TCG ACC CGT CTT GAA AC-3'; 26S-Q1R reverse: 
5'-TTT CAA GAC GGG TCG AAT GG-3'), and for CYCLOIDEA (Cyc-NF forward: 
5'-GCR AGG GCB AGR GAA AGA AC-3'; Cyc-NR reverse: 5'-GCA CAT TTT CTC 
YYT YGT TCT TTC-3'). 
2.2.5 Cloning of CYCLOIDEA homoloques 
To ensure a high degree of recovery of the CYCLOIDEA homologues present in my 
selected taxa, including rarer copies, more than 20 clones were examined for each taxa. 
Plasmid DNA containing cloned products were extracted and purified using the Qiagen 
Spin Miniprep kit (Qiagen Ltd, Dorking, Surrey, UK), prior to sequencing. 
2.2.6 Sequence analysis 
Nucleotide sequences of the four different gene regions from 30 taxa were first 
aligned using the CLUSTALX program (Thompson et al. 1997), except for 
CYCLOIDEA where the nucleotides were translated into amino acid sequences and then 
aligned. Alignments were adjusted manually on the basis of shared motifs and related 
amino acid groups (similar chemical structure, for CYCLOIDEA only). The sequence 
characteristic of each gene region was obtained with PAUP, version 4.0b8 (Swofford 
200 1) and features such as transition and transversion ratios calculated using MacClade 
version 3.07 (Maddison and Maddison 1992). The comparison of evolutionary rates 
between the gene regions was analysed by calculating pair-wise sequence divergences 
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among taxa using the DISTANCE option (average pairwise distance) in PAUP, based on 
unambiguously alignable regions without gaps. 
2.2.7 Phylocienetic analysis 
Phylogenetic trees were reconstructed using PAUP 4.0b8. Each gene region was first 
analysed independently by heuristic tree searches, in the attempt to find the most 
parsimonious trees. To increase the chances of including all islands of most 
parsimonious trees in the tree space, 10,000 replicates of RANDOM ADDITION 
SEQUENCE were first performed without swapping, saving all shortest trees. This was 
followed by TBR swapping on all the resulting trees with all, MTJLTREES, STEEPEST 
DESCENT, branch COLLAPSE (max.) on and ACCTRAN optimisation (M011er and 
Cronk 1997). All most parsimonious trees were summarised in strict consensus trees for 
each dataset. Characters and substitution rate congruence between different gene 
regions was test using homogeneity option in PAUP. 
Branch support of Maximum Parsimony (MP-BS) was tested by 10,000 replicates of 
bootstrap analyses in PAUP (Felsenstein 1985), set to HEURISTIC search and SIMPLE 
ADDITION SEQUENCE, with TBR swapping but without MULTREE and STEEPEST 
DESCENT. Bremer decay indices (DI) were also calculated using Autodecay version 
4.0 (Eriksson 1998) to estimate the additional steps for collapsing individual clades. 
Descriptive statistics for the measures of character fit in parsimony analysis, such as the 
consistency index (CI) (Kluge and Farris 1969), retention index (RI) (Farris 1989) and 
rescaled consistency index (RC) were also calculated, to check the degree of 
homoplasy. In the cpDNA data set, gap positions in the alignment matrix appeared to be 
systematically meaningful. Thus, gaps were coded for these regions (Simmons and 
Ochoterena 2000). However, inclusion of a gap matrix did not alter the resulting tree 
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topologies and to simplify the analysis, the gap matrix was not added to further 
analyses. For the 26S nrDNA region, mutation bias on transition/ transversion ratios 
was observed and reweighting to correct for this bias was also evaluated but the results 
were equivocal and further analyses were performed unweighted. 
To explore my data further, model-based methods like Maximum Likelihood (ML) 
and Bayesian analysis (BA) were also performed. For nucleotide ML analysis, the best-
fitted model of substitution was selected using ModelTest version 3.06 (Posada and 
Crandall 1998). The model parameters recommended in ModelTest were then 
implemented in PAUP to perform heuristic searches as above. The 3-gene ML analysis 
was performed using a GTR+I+G model (general time reversible with estimates of 
proportion of invariable sites and gamma distribution) selected by AIC (Akaike 
Information Criterion) in ModelTest. The best model for CYCLOIDEA ML analysis 
selected by AIC in Modeltest was TVM+I+G (transversion model with estimates of 
proportion of invariable sites and gamma distribution), which suggests that all types of 
nucleotide base changes were different, variable transversion but equal in transition. 
For branch support of Maximum Likelihood (ML-BS), 100 replicates of bootstrap 
replicates under ML criteria were performed. For CYCLOIDEA data alone a protein ML 
analysis was performed using PHYLIP 3.6 (Felsenstein 2002) with a Jones et al. (JTT) 
model of amino acid substitution (Jones et al. 1992), allowing one invariant rate plus 4 
categories of gamma distributed rate heterogeneities (the parameters were estimated in 
TREEPUZZLE version 5.0 (Schmidt et al. 2002). Branch support was obtained from 
TREEPUZZLE (using the same parameters as above). Bayesian DNA analysis also 
applies model parameters from ModelTest and was carried out using MrBayes version 
2.01 (Huelsenbeck and Ronquist 2001). The analysis was run for 1,000,000 generations 
with trees sampled every 100 generations. Four exchangeable Markov chains were 
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specified allowing tree construction to explore the tree space. The first 1,000 "bum-in" 
phase trees were discarded. The resulting trees were summarised in a 50% majority-rule 
consensus tree for the calculation of Bayesian branch support (BA-BS) under PAUP. 
2.2.8 CYCLOIDEA gene evolution 
In order to investigate CYCLOIDEA duplications in relation to the species evolution, 
the CYCLOIDEA gene phylogeny was reconciled with the species tree inferred from the 
3-gene data set (trnL-F, atpB-rbcL and 26S) using GeneTree (Page and Cotton 2000). 
The 3-gene data set was reduced by exclusion of those taxa for which a CYCLOIDEA 
sequence could not be obtained. The reduced data matrix was then reanalysed as above. 
The most likely CYC gene tree was selected by computing the cost of the optimal 
criteria such as deep coalescence, duplication and loss events between each inputted 
gene trees and a species tree. 
2.3 Results 
2.3.1 Sequence analysis of trnL-F, atDB-rbcL, 26S 
The sequence characteristics of all sequence matrices were summarised in Table 2.2. 
For the chloroplast trnL-F intron / spacer region, Gesneriaceae species showed a 
slightly higher length variation compared to Solanaceae and Scrophulariaceae species. 
But the mean length and sequence divergence of Scrophulariaceae species was higher 
than for Gesneriaceae species. The atpB-rbcL spacer contained a 479 bp AT-rich 
unique insertion (position 424 to 903) found in Epithema benthamii. The length range 
of the entire atpB-rbcL spacer was somewhat smaller (717-799 bp, excluding the 
insertion in Epithema benthamii). Both chloroplast data sets possessed similar GC 
contents (G + C= 34.6% and 30.8%, Table 2.2). For alignment, more than 30 indels 
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Table 2.2 
Sequence characteristic of chioroplast trnL-F intron & spacer, atpB-rbcL spacer, 
nuclear 26S gene and CYCLOIDEA gene region. * the 479 bp novel insertion of 
Epithema benthamii atpB-rbcL sequence was excluded in the statistic 
trnL-F atpB-rbcL 26S CYCLOIDEA CYCLOIDEA 
Characteristic parameters nucleotide amino acid 
Length range (total), bp or a.a. 614-842 717-1278 1190-1194 462-726 154-234 
Length range, bp ora.a. 614-827 717799* 1191-1193 531-702 185-234 
(Gesneriaceae) 
Length range, bp ora.a. 786-842 738-782 1190-1194 462-762 154-242 
(Solanaceae+ Scrophulariaceae s.1.) 
Length mean (total), bp or a.a. 801.3 745.1 * 1191.91 608.8 202.9 
Length mean, bp or a.a. 793.5 743.3k 1191.6 635.9 212.0 
(Gesneriaceae) 
Length mean, bp or a.a. 815.9 747.7 1192 566.1 188.7 
(Solanaceae+ Scrophulariaceae s.l.) 
Sequence divergence (%) 1.6-9.5 0 . 89 . 1* 0.2-8.0 2.4-26.5 5.5-39.9 
(Gesneriaceae) 
Sequence divergence (%) 2.6-14.3 1.3-14.0 0.2-8.9 13.1 -47.1 18.2-60.8 
(Solanaceae+ Scrophulariaceae s. 1.) 
Overall sequence divergence (%) 1.6-17.0 0.816.6* 0.2-11.2 2.4-49.0 5.5-64.1 
G + C content mean % 34.6 30 . 81* 58.3 41.1 
(insertion / deletion events) were recognised for each cpDNA region. Despite a similar 
length, the trnL-F matrix contained a higher proportion of informative sites (21.7%) 
compared to the atpB-rbcL matrix (16.5%), but a similar proportion of variable sites 
('38%). This difference was due to a higher proportion of autapomorphic sites in the 
latter. 
Approximately 1192 bp of 26S were amplified for each species. Generally the length 
was more conserved across all taxa studied compared to the cpDNA fragments. A few, 
one to two bp, indels were found in the expansion segment. About a quarter longer than 
atpB-rbcL, 26S included a similar proportion of informative sites. During PCR 
amplification, different copies of the 26S gene from Antirrhinum majus and 
Titanotrichum oldhamii were obtained with different internal sequencing primers. 
Though these putative pseudo-genes were still length conserved, their GC contents were 
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Table 2.3 Characteristic values of the phylogenetic analysis. CI= Consistency Index; 
RI=Retention Index; RC= Rescaled Index. Note that the 479 bp novel insertion of 
Epithema benthamii atpB-rbcL sequence was excluded for phylogenetic analysis. 
tmL-F atpB-rbcL 26S combined CYCLOIDEA CYCLOIDEA 
Statistical description 3-gene data nucleotide amino acid 
Aligned length, bpora.a. 989 946 1200 3133 1020 340 
Number of excluded sites 63 41 0 102 178 12 
Size ofindels 1-35 1-28 1-2 1-35 3-114 1-34 
No. of indels 37 31 10 78 43 38 
Proportion of constant sites 0.614 0.627 0.691 0.65 0.306 0.238 
Proportion of variable sites 0.386 0.373 0.309 0.35 0.694 0.762 
Proportion of uninformative sites 0.168 0.209 0.139 0.17 0.214 0.253 
Proportion of informative sites 0.217 0.165 0.170 0.18 0.480 0.509 
Transitions/transversions 0.70 0.89 2.87 - 1.06 - 
Averange numbers of steps per character 0.63 0.58 0.69 0.65 2.23 3.32 
Number of MP trees 12 149 198 19 12 324 
Length of MP trees 584 521 827 1962 1879 1089 
Cl 0.781 0.793 0.567 0.682 0.572 0.729 
RI 0.756 0.729 0.514 0.624 0.542 0.684 
RC 0.590 0.578 0.291 0.425 0.310 0.458 
significantly lower than potentially functional ones (40.2% vs. 58.3%). Thus they were 
excluded from analysis. The characteristics of the nuclear 26S gene was quite different 
from the chloroplast intron and spacer regions, the former possessed a higher GC 
content (58.3%), and transition / transversion ratio (2.87) and a low proportion of 
variable sites (30.9%). 
2.3.2 CYCLOIDEA clones 
The amplified length of the CYCLOIDEA homologues was between 462 and 726 bp, 
indicating a significant length redundancy of functional CYCLOIDEA copies (but see 
below). Only putatively functional copies were included in the matrix (no premature 
stop codon or frame shifts were observed). The aligned length of the CYCLOIDEA 
matrix was 1020 bp, indicative of the numerous indels necessary for alignment. 
Different CYC homologues, up to two copies per species, were obtained after 
extensive cloning. In Titanotrichum oldhamii, only one copy was isolated from all 
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clones of all products. In Gesneriaceae, all the New World Gesneriaceae species of 
subfamily Gesnerioideae appeared also to possess only one copy. In the other two 
subfamilies (Coronantheroideae and Cyrtandroideae), two homologues were found in 
each species except for Mitraria coccinea where only one copy was isolated. Some of 
these within-species homologues were very divergent to each other (i.e. the uncorrected 
pairwise distance between Epithema benthamii Gcyc2 and Gcycl was 34%, between 
Cyrtandra apiculata Gcyc2 and Gcycl 23%). Whereas other pairs were closer to each 
other (i.e. the uncorrected pairwise distance between Didymocarpus citrinus GcyclC 
and GcyclD was 11%, between Fieldia australis GcyclE and GcyclF 8%). Maximum 
divergence within Gesneriaceae homologues was 39.9%. Up to two CYC homologues 
were also isolated from Calceolariaceae and Scrophulariaceae species with the 
exception of Tetranema mexicana and Jovellana punctata. Two Peltantherafloribunda 
CYC homologues were also isolated. However, inclusion of these copies resulted in 
high level of homoplasy (consistency index of the resulting most parsimonious trees 
was reduced from 0.57 to 0.41). They were therefore excluded from the phylogenetic 
analysis. We have been unable to amplify CYC homologues from Rhynchoglossum 
hologlossum, Whytockia sasakii, Epithema taiwanense and Rehmannia glutinosa, 
perhaps because the primer sites have not been conserved. 
In addition to functional homologues, pseudogenes and allelic variants were also 
amplified using the same primer set. Some pseudocopies contained stop codons inside 
the ORF (i.e. Calceolaria arachnoidea clone 21 and Gesneria humilis clone 7, data not 
shown). A single base mutation resulted in a pre-mature stop codon in Titanotrichum 
oldhamii clone 26 (data not shown), but a PCR artefact from non-proofing Taq 
polymerase cannot be ruled out. Allelic variation could be discriminated from locus 
variation by comparing the pairwise sequence differences. Putatively allelic clones had 
up to four nucleotide changes or 3 amino acid changes, while differences between 
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putative loci included at least 17 bp changes or 9 amino acid changes. The pairwise 
distances between likely alleles was less than 0.6% but the distance between the nearest 
homologues was 2.4% (i.e. Gesneria humilis Gcycl and Kohieria eriantha Gcycl). All 
apparent pseudo-genes were excluded from further analyses. Allelic variants were 
reduced to one for simplicity. In exploratory analyses all allelic variants from a single 
taxon always formed sister relationships. 
2.3.3 Phylocieny of Titanotrichum oldhamii 
The phylogeny inferred from trnL-F, atpB-rbcL and 26S rDNA data sets, 
individually and combined, resulted in similar topologies with respect to Titanotrichum. 
All analyses indicated that the genus belongs to Gesneriaceae, and has a position within 
the "New World and south Pacific Rim dade" (subfamily Gesnerioideae and 
Coronantheroideae). 
Although homogeneity test among three gene regions did not suggest major 
character congruence (P= 0.2 14), as resulted tree topology was similar in each 
individual data set, I combined three gene data in acquiring more informative characters 
to reconstruct phylogeny. Parsimony analysis of a combined three-gene data set (trnL-
F, atpB-rbcL and 26S) resulted in 19 most parsimonious (MP) trees. The tree length 
was 1962 steps when 102 ambiguous positions out of 3133 sites were excluded, with a 
reasonable character congruence (CI= 0.682, RI=0.624 and RC=0.425, Table 2.3). In 
the strict consensus topology, Gesneriaceae species formed a well-supported 
monophyletic group including Titanotrichum (MP-BS=99%, ML-BS= 100%, 
BA= 100%, DI= 14 steps, Fig. 2.1). The Gesneriaceae can further be divided into two 
distinct clades with high branch support (MP-BS=62%, ML-BS=100%, BA=100%, 
DI=3 steps), basically corresponding to their geographic distribution (e.g. Old World 
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FIGURE 2.1 Strict consensus tree of 19 most parsimonious trees based on combined 
trnL-F, atpB-rbcL and partial 26S sequence data. Numbers above the branches are 
bootstrap values of 10,000 replicates with TBR swapping and decay indices. Numbers 
below the branches are Bayesian 50% majority consensus from 9,000 generated trees 
and ML bootstrap values of 500 replicates (bold). Branches in bold indicate the 
branches persisting in the maximum parsimony analysis of individual dataset. 
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species versus Neotropics plus South Pacific species), except for the Asiatic 
Titanotrichum that unexpectedly grouped with the New World and South Pacific Rim 
dade. Within each dade, the tribal relationships were resolved, which showed tribe 
Epithemateae (MP-BS=97%, ML-BS=100%, BA=96%, DI=8 steps) as sister to the rest 
of the Old World species (MP-BS=100%, ML-BS=100%, BA100%, DI=36 steps). 
These included the tribes Didymocarpeae, Trichosporeae and Cyrtandreae. The 
Didymocarpeae genus Didymocarpus resided on a polytomy with representatives of 
tribe Trichosporeae and Cyrtandreae. In the New World dade, JJtanotrichum with tribe 
Beslerieae and Napeantheae were on a basal polytomy to the residual New World and 
South Pacific Rim dade (Fig. 2.1). Calceolariaceae species (sensu Olmstead et al. 200 1) 
and Peltantherafloribunda (Buddlejaceae) appeared to be the closest sister groups to 
Gesneriaceae (MP-BS=77%, ML-BS=100%, BA=90%, D13 steps). Other 
Scrophulariaceae species were sister to all the above groups, and all taxa of Lamiales 
formed a monophyletic group, although only two outgroup species (Solanaceae) were 
used (MP-BS=100%, ML-BS=100%, BA= 100%, DI= 103 steps). 
The topology of the single ML tree was identical to the MP tree shown in Figure 2.2. 
This phylogram also clearly showed that most species from the Neotropics and South 
Pacific, including Titanotrichum, had relatively short branch lengths compared to Old 
World species. 
2.3.4 CYCLOIDEA gene Dhylocleny 
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FIGURE 2.2 Phylogram of one of the 19 most parsimonious trees of 1962 steps length 
based on combined trnL-F, atpB-rbcL and partial 26S sequence data. Numbers above 
the branches are branch lengths. The 18 Gesneriaceae species from 1 itribes are 
indicated. 
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The reconstructed CYCLOIDEA gene phylogeny is highly congruent with my combined 
3-gene analysis. The MP analysis of nucleotide data, excluding ambiguous aligned 
regions and the third codon positions in the TCP + R domain, resulted in 12 most 
parsimonious trees of 1879 steps length (CI= 0.572, RI=0.542 and RC=0.3 10, Table 
2.3). The third codon position between TCP and R domains are apparently saturated 
therefore were excluded. All branches received good branch support and the 
Gesneriaceae homologues formed a monophyletic group (BA=80%, DI=4 steps). 
Epithema Gcyc2, Ramonda Gcyc2 and Cyrtandra Gcyc2 formed a sister group to the 
rest of the Gcyc (Gcycl) albeit with low branch support (DI= 4 steps, Fig. 2.3). Gcycl 
homologues could be further divided into two well-supported clades in accordance with 
their geographical distribution; Old World taxa (MP-BS=5 1%, BA=89%, DI=3 steps) 
and Neotropical / South Pacific taxa (BA=86%, DI=2 steps). The only exception was 
the Titanotrichum Gcycl homologue, an old world taxon which was placed within the 
latter dade. The Gcycl phylogeny also revealed that Epithema Gcycl is basal to the rest 
of the Old World Gcycl homologues while Besleria Gcycl occupied this position 
among the Neotropical / South Pacific Gcycl homologues. Similarly to the topology 
inferred from the 3-gene analysis, Calceolariaceae CYCLOIDEA homologues were the 
closest group to all Gesneriaceae homologues (BA=80%, DI=4 steps). Antirrhinum 
CYC and DICH together with Tetranema Tcyc2 formed a distinctive dade sister to the 
previous dade (MP-BS=74%, ML-BS100%, BA=65%, D16 steps). One of the most 
parsimonious trees was shown in Figure 2.4. Similar results were obtained in the ML 
analysis. 
The topology of the nucleotide phylogeny was generally also recovered by the amino 
acid analysis, which resulted in 324 MP trees of 1089 steps (CI= 0.729, R1=  0.684 and 
RC=0.458). The protein strict consensus tree only differed from the nucleotide topology 
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FIGURE 2.3 Strict consensus tree of 12 most parsimonious trees based on 
CYCLOIDEA nucleotide sequence data. The numbers above the branches are bootstrap 
values of 10,000 replicates and decay indices. Numbers below the branches are 
Bayesian 50% majority consensus from 9,000 generated trees and ML bootstrap values 
of 100 replicates (bold). Branches in bold indicate the branches persisting in the 
maximum parsimony analysis of individual dataset. 
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FIGURE 2.4 Phylogram of one of 12 most parsimonious trees of 1879 steps based on 
CYCLOIDEA nucleotide sequence data. Numbers above the branches are branch 
length. Arrows indicate nodes where the duplication events occurred. 
ME 
South Pacific Rim Gcycl dade, and the grouping of Schizanthus cyc2 and Nicotiana 
cyci collapsed. In general the bootstrap support values for the protein tree were lower 
than those of the nucleotide phylogeny. The protein ML analysis resulted in similar 
relationships compared to the protein MP analysis. ML branch support from 
TREEPUZZLE was generally low but the major clades were still supported (data not 
shown). The branches that appeared in both protein and nucleotide strict consensus 
trees, with good branch support (i.e. >50%) are highlighted in Figure 2.3. 
Generally CYCLOIDEA has evolved very fast, both at the nucleotide as well as 
protein level. In scatter plots of pairwise sequence divergences (Fig. 2.5), CYCLOIDEA 
apparently evolves about three times faster than the chioroplast trnL-F intron / spacer 
region and about 3.3 times faster than the chioroplast atpB-rbcL spacer and eight times 
faster than the partial nuclear 26S rDNA region. Although my results indicate that 
CYCLOIDEA has an eight times higher rate of evolution compared to 26S rDNA, the 
ratio varied between different CYC regions. For instance, when only TCP and R domain 
sequences were included, the rate of evolution of CYCLOIDEA was about the same as 
for the conserved core region in 26S rDNA. 
In my result CYCLOIDEA had the highest average number of steps per character 
compared to the other gene regions (e.g. 2.23 for nucleotide data and 3.32 for amino 
acid data, Table 2.3). However, the phylogram of CYCLOIDEA nucleotide sequences 
shows that most Gcycl homologues from the New World and South Pacific Rim, 
including Titanotrichum oldhamii, had significantly shorter branch lengths compared to 
Old World Gcycl homologues (Fig. 2.4). Ten gene duplication events and twelve losses 
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FIGURE 2.5 Comparative rate of CYLOIDEA evolution. Each point represents a 
pairwise distance between every two sequences of CYCLO/DEA (x axis) against the 
pairwise distance between any two sequences of tinL-F, 26S or atpB-rbcL (y  axis). [a]. 
tinL-F (0) vs. CYC and 26S rDNA (+) vs. CYC: [h]. atpB-rbcL (0) vs. CYC (gaps 
excluded). 
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FIGURE 2.6 Tanglegram of reconciled MP trees based on combined 3-gene data and 
CYCLOIDEA data, representing the best combination between 30 CYCLOIDEA trees 
and 32 3-gene (reduced taxa) species tree selected by GENETREE criteria counting the 
fewest gene duplication and loss events. 
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can be reconstructed (Fig. 2.4, loss event not shown). The tanglegram reconciling the 
most likely CYC gene evolution tree and the corresponding species phylogeny is shown 
in Figure 2.6. 
2.4 Discussion 
2.4.1 Phylopenetic position of Titanotrichum 
From my combined 3-gene analysis and the CYCLOIDEA phylogeny it becomes 
clear that 'Gesneriaceae with Titanotrichum' is a well-supported monophyletic group 
(Fig. 2.1 & 2.3). A similar conclusion was drawn in previous studies based on more 
conserved gene regions, notably chioroplast atpB and rbcL genes and the nuclear 18S 
rDNA gene (Soltis et al. 2000). This study found strong branch support for a 
monophyletic family Gesneriaceae (jackknife support = 96%). However, very few other 
Gesneriaceae taxa were sampled (Rhynchoglossum, Cyrtandra and Streptocarpus) and 
Titanotrichum was basal to the rest of the family. The same conclusion was drawn in a 
study of the phylogeny of the Asterids (Albach et al. 2001). They added a further 
chloroplast gene region (ndhF) to perform a 4-gene data set analysis. This also placed 
Titanotrichum in a basal position of Gesneriaceae with high branch support regarding 
the Gesneriaceae including Titanotrichum as a monophyletic group (bootstrap value 
85%, on p.164, Fig. 1B). This is per se no absolute proof that Titanotrichum is part of 
Gesneriaceae, as only a fraction of the diversity of this family was sampled in either 
study, without any New World or Austral species included. This shortcoming was 
specifically addressed in my analysis. My combined 3-gene study and the CYCLOIDEA 
phylogeny result from more extensive sampling, including all tribes of Gesneriaceae 
and a representative range of taxa from Scrophulariales s. 1. My results show 
unambiguously that Titanotrichum lies within Gesnenaceae and has strong affinities to 
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the subfamilies Gesnerioideae and Coronantheroideae rather than subfamily 
Cyrtandroideae (Bayesian support values BA-BS100% in 3-gene tree and 99% in 
CYCLOIDEA tree, Fig. 2.1 & 2.3). 
Unlike Gesnerioideae and Coronantheroideae, Titanotrichum is of Old World 
distribution. All other Old World Gesneriaceae however show anisocotyly involving 
persistent growth of a macro-cotyledon (Jong 1973; Jong and Bum 1975), but 
Titanotrichum is isocotylous (Wang and Cronk 2003). A recent report of anisocotyly in 
Titanotrichum (Wang et al. 2002) appears to refer to cotyledon asymmetry on 
germination and not to persistent meristematic activity. 
This fits with my placement of Titanotrichum with the isocotylous New World 
Gesneriaceae. The presence of a scaly rhizome is another morphological feature which 
is commonly observed in New World Gesneriaceae (Wiehler 1983). Titanotrichum 
possesses rhizomes, unusual among Old World species, which led Sealy (1949) to relate 
the plant to the New World genera Isoloma and Naegelia. 
Titanotrichum has a high chromosomes number (2n=40) which, although uncommon 
in subfamily Gesnerioideae (the majority have 2n=18, 22, 26, 28), is common in all 
South Pacific and Australian taxa of subfamily Coronantheroideae (2n±74, ±80, ±90 
with 2n=74 most common). Of the closest allies of Titanotrichum in my analysis, 
Besleria has 2n=32 chromosomes while Napeanthus has not been investigated. 2n=18, 
20, 30, 32, 34 is common for Old World taxa (Burn & Wiehler 1995). 
2.4.2 Evolution of CYCLOIDEA 
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The evolution of CYCLOIDEA homologues appeared to be well correlated with the 
species phylogeny, if duplication events are taken into account (Fig. 2.6). Reconciling 
the 3-gene and the CYC tree, ten gene duplication events are necessary (Fig. 2.4 & Fig. 
2.6). In Gesneriaceae, there is one early duplication event (leading to the split between 
Gcycl and Gcyc2). There is high amino acid sequence divergence between these two 
paralogues (36%). All other Gesneriaceae Gcyc homologues (Gcycl) seem to be 
derived from one lineage of this ancestral duplication event (Gcycl) whereas Gcyc2 
apparently has been lost for all lineages but the Epithemateae and Cyrtandreae (Fig. 2.4 
& Fig. 2.6). Within Gcycl , several lineage-related independent duplication events were 
also observed. One of these duplications seems to have happened within subfamily 
Coronantheroideae (e.g. Fieldia GcyclF vs. Fieldia GcyclE). A second duplication 
event happened prior to the divergence of Loxostigma, and Didymocarpus (Loxostigma 
and Didymocarpus GcyclC vs. Loxostigma and Didymocarpus GcyclD). A third arose 
apparently more recently within the genus Streptocarpus (Str. holstii GcyclA vs. Str. 
holstii GcyclB) previously reported in Citerne et al. (2000). 
Therefore the duplication pattern of Gcyc in Gesneriaceae falls into two categories: 
lineage related duplication (relatively recent to speciation) and the pre-date speciation 
duplication event. Lineage-related duplications show on average c. 18.5 % amino acid 
divergence but the pre-date speciation duplications is associated with c. 36% 
divergence. 
The amino acid sequence of the TCP and R domain was apparently conserved for all 
taxa I studied and a substitution saturation at the third codon position found in these 
conserved regions. The reconstructed CYC nucleotide phylogeny was congruent with 
the amino acid phylogeny only when the third codon positions of the TCP and R 
domain were excluded. Coding regions beyond these domains were highly variable. 
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They could easily be aligned across closely related taxa but was sometimes ambiguous 
for taxa from different families. In addition, Möller et al. (1999) found that Gcyc 
evolved clockwise in their smaller data set from within Gesneriaceae but this aspect is 
not so obvious in my larger data set. Judging from my experience here, the application 
of Gcyc for providing phylogenetic data will work best at the genus level or below. Pico 
et al. (2002) have investigated Gcyc sequence variation in Ramona myconi at the 
population level. The use of Gcyc for phylogenetic purposes at a higher taxonomic level 
however, is problematic because of gene duplication events. 
2.4.3 Functional implications from the CYCLOIDEA homoloQues 
Although only approximately 70% of the ORF of CYCLOIDEA was isolated in my 
analysis, several features indicate that these homologues used in my analysis were 
functional. All isolated nucleotide sequences could be translated into amino acid 
sequence with no premature stop codons or frame shifts detected, and all 'contained the 
characteristic TCP and R domain (Cubas et al. 1999b). In addition, all homologues 
clearly have a higher substitution rate at their third codon positions compared to the first 
and second position, implying that the gene is under functional constraints. 
After gene duplications new or modified functions must arise, or there will be 
redundancy and one copy likely to be lost by mutational load. Antirrhinum CYC and 
DICH represent closely related genes (Fig. 2.4), and both expressed in the dorsal region 
of the flower, though CYC has the greatest effect on phenotype (Luo et al. 1996, 1999; 
Almeida 1997). Loss of function of both genes is required for a full actinomorphy 
(Almeida 1997). It is possible that in most of the lineage related duplications, the genes 
have diverged in function or in spatial or temporal expression patterns permitting 
complex evolution of floral form. Functionally a certain degree of variation is to be 
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expected as these Gcyc sequences have diverged (for instance amino acid sequence 
divergence is 36% between Gcycl and Gcyc2, while between CYC and DICH is 20%). 
All New World Gesnerioideae species apparently have only one copy (Gcycl). Whether 
this has the same or an enhanced expression pattern compared to Old World Gcycl 
homologues is also worth investigating. As I isolated several pseudo-genes and some 
allelic variants from my extensive cloning, it is clear that this is an actively evolving 
gene family. 
2.4.4 26S evolution 
In the 26S rDNA analysis, I found several sites within the expansion segments (Bult 
et al. 1995) that contained homoplastic substitutions. Transitional substitutions are 
extremely frequent among these regions (i. e. C-T changes have been observed 12 times 
more than other base changes). On the other hand, nucleotide changes were rare in the 
conserved core region. There is also potential coevolution among expansion segments 
(Bult et al. 1995). The problematic nature of 26S evolution may be responsible for the 
low Cl and RI in my 26S MP analysis. However, this problem mainly affects 
relationships above family level, and the strict consensus topology was congruent with 
my other data sets. Thus I included 26S data in my combined analysis to increase the 
number of informative sites. 
Although my analysis clearly places Titanotrichum within the Gesneriaceae, further 
work is required to establish unambiguously the relationships between Titanotrichum 
and its closest allies in tribe Beslerieae and Napeantheae. Both further molecular and 
cytological data may prove useful in elucidating the precise relationships. A fully 
resolved phylogeny would also allow a long overdue discussion of the history of the 
whole family. 
Chapter Three: Meristem fate and bulbil formation in 
Titanotrichum (Gesneriaceae) 
3.0 Chapter summary 
Titanotrichum oldhamii (a monotypic genus from Taiwan, Okinawa Is and adjacent 
regions of China) has inflorescences bearing either showy yellow flowers or asexual 
bulbils. Asexual reproduction by bulbils is important in natural populations and bulbil 
production increases in August and September at the end of the flowering season 
(which runs from June to the end of September). The bulbils are small (c. 1-2.5 mm 
long) and numerous. They consist of a small portion of stem (bract-stem) topped by 
opposite storage bracts enclosing a minute apical meristem. A secondary root develops 
from the side of the bract-stem. The floral meristem of Titanotrichum oldhamii has 
three possible fates: (1) bulbil formation (2) flower formation (3) bracteose 
proliferation. The bracteose proliferation form occurs rarely and appears to be a 
developmental transition between the bulbiliferous and racemose-inflorescence forms. 
It is strongly reminiscent of the floricaula and squamosa mutants of Antirrhinum. In the 
bulbiliferous form a single floral primordium, which would normally produce one 
flower, gives rise to about 50 to 70 bulbils by repeated subdivision of the meristem, and 
this form of bulbil production appears to be unique to Titanotrichum. Occasionally a 
floral meristem divides but the subdivision forms multiflowered units of up to four 
flowers rather than bulbils, suggesting that meristem fate is reversible up to the first or 
second meristem subdivision. In Titanotrichum therefore, primordium fate is apparently 
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not determined at inception but becomes irreversibly determined shortly after the 
appearance of developmental characteristics of the floral or bulbil pathway. 
Key words: bulbil; bracteose proliferation; floral meristem;floricaula; gemmae; squamosa; 
Titanotrichum oldhamii; vivipary. 
3.1 Introduction 
Titanotrichum oldhamii Soler. (Gesneriaceae) was first discovered in 1864 by 
Richard Oldham, collecting for the Royal Botanic Gardens Kew, during his trip to 
Formosa (now Taiwan) (Hemsley, 1890; Hemsley, 1895; Solereder, 1909; Sealy, 1949). 
With its distinctively deep yellow corolla tube with lobes blotched dark crimson-brown, 
Titanotrichum oldhamii was cultivated in Europe as an ornamental. The inflorescence 
of Titanotrichum oldhamii is an indeterminate raceme, although the family 
Gesneriaceae, to which it belongs, usually produces pair-flower cymes (Weber, 1973, 
1978, 1982a, 1995; Pan etal.,2002). 
It grows in shaded habitats along creeks, particularly on dripping cliffs, or moist 
limestone slopes in dense forest and on rocks near caves and waterfalls. It is not a 
common plant but has a scattered distribution in Taiwan, the Fujien province of China 
and the Ryukyu Islands of Japan (Henry, 1898; Hayata, 1908, 1911; Hemsley, 1909; 
Walker, 1976; Wang et al., 1998). Interestingly, although it produces many flowers in 
the wild it rarely sets seed and appears to rely largely on asexual reproduction by bulbils 
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and rhizomes. Studies of genetic variation and the failure of seed set are being carried 
out at Edinburgh (Chapter 5 & 6). 
Gesneriaceae species, are known for their great range of morphological variation, 
resulting from variation in meristem behavior (Jong & Burtt, 1975; Möller & Cronk, 
2001). However, while in most Gesneriaceae the unusual meristem behavior affects 
only vegetative parts (Burtt, 1970; Tsukaya, 1997; Imaichi et al., 2000), Titanotrichum 
is unusual in having variable meristem behavior in reproductive parts. 
There are many plants in which all or some flowers of an inflorescence are converted 
into asexual bulbils. In most cases a single floral meristem is replaced by a single bulbil 
(e.g. Polygonum viviparum L., Ranunculusficaria L., Saxfraga cernua L., A ilium spp.. 
Festuca vivipara (Rosenv.) E. B. Alexeev.) (Kerner, 1904; Troll, 1964; Engell, 1973; 
Arizaga and Ezcurra, 1995; Briggs and Walters, 1997; Diggle, 1997). However, in 
Titanotrichum a single floral meristem is replaced by a cluster of c. 50-70 bulbils (Stapf, 
1911; Hayata, 1912). In Mimulus gemmiparus W. A. Weber it is not the floral meristem 
but the adjacent proximal meristem (dormant in other species of Mimulus) that develops 
into a bulbil (Weber, 1972; Moody et al., 1999). Vivipary is characteristic of alpine or 
arctic habitats and it is usually assumed that this is an adaptation to poor sexual 
reproduction under extreme conditions (Kerner, 1904; Youngner, 1960). In contrast, 
Titanotrichum grows in a subtropical area with a favourable environment, although 
sometimes in deep shade. 
In order to study the relationships between flower and bulbil development in 
Titanotrichum as part of a wider study of reproduction in this species, a morphological 
study of bulbil development has been carried out. Of particular interest in Titanotrichum 
is the pattern of interchange between floral and bulbil meristems and how large 
numbers of bulbils are produced from a single floral meristem. 
3.2 Materials & methods 
3.2.1 Source of plant material and growth conditions 
I have investigated 26 natural populations of Titanotrichum from Taiwan, China and 
the Okinawa Is. of Japan during the summer of 1999 and 2000. 145 accessions of living 
material collected from these locations were first cultivated in the Institute of Botany, 
Academia Sinica, Taipei and then moved to the Royal Botanic Garden, Edinburgh 
where they were grown between 18°C (night) - 20°C (day) in a controlled climate 
glasshouse. 
Because Titanotrichum rarely produces seed, mature seeds were obtained from a 
pollination experiment conducted in Yangmingshan National Park (25°09' N, 121°33' 
E), Taipei region, during the summer of 1999. Seed germination is light-requiring, and 
was carried out under constant lighting in petri dishes at 22°C and 90% relative 
humidity in controlled environment growth cabinets, on wet filter-paper. Growth 
experiments were conducted in walk-in growth rooms manufactured by Swann 
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Technology Inc., with controllable temperature and daylength. Lighting was provided 
by fluorescent tubes with 13W light intensity. 
3.2.2 Fixation of plant tissue 
Different stages of the inflorescence shoot, seedlings and germinating bulbils were 
fixed overnight in FAA (18 parts of 70% ethanol: 1 part glacial acetic acid: 1 part 
formalin) and taken through an ethanol series to 100% acetone dehydration before 
proceeding to critical point drying (CPD) with an Emitech K850 machine. The dried 
samples were immediately mounted on aluminium stubs using carbon discs, coated with 
gold palladium for 2 minutes twice (from different angles) in an Emscope SC500 
sputter coater. To see the development of the meristem clearly, most bracts and 
bracteoles were removed, especially in the young inflorescence, using fine forceps 
either before fixation or, less satisfactorily, after CPD. 
3.2.3 Scanning electron microscopy 
Specimens were examined under a Zeiss DSM scanning' electron microscope at a 
working distance of between 9-14mm, and an accelerating voltage of 5kv. 
3.3 Results 
3.3.1 Distribution of flowers and bulbils on inflorescences, individuals and in 
populations 
43 
The inflorescence of Titanotrichum oldhamii is racemose, bearing spirally a single 
flower and bract at each node (Fig. 3.1 & 3.2A), although occasionally inflorescence 
branches or multiflowered units of up to four flowers may arise at some nodes. 
Titanotrichum produces a normal racemose inflorescence during the summer. However, 
at the end of the season (i.e. the end of August), flower buds in the upper part of the 
raceme start to convert into bulbil clusters and new bulbil inflorescences are initiated. 
Three different types of inflorescence can be seen at this stage: (1) bulbils and flowers 
mixed (2) bulbils only, and (3) bracteose proliferation and flowers mixed. 
Production of inflorescence branches or multiflower units appears to be under 
environmental rather than genetic control, as it may vary on the same individual from 
year to year. At the end of the flowering season, bulbil clusters usually replace the 
flower units in the upper part of the inflorescence (Fig. 3.2B-3.2C). In addition, bulbil 
clusters also proliferate in the axils of existing flowers in the lower part of the 
inflorescence (Fig. 3.21)). Within two or three weeks, tens of thousands of bulbils may 
fall from one individual and are ready to grow. 
From field and glasshouse observation, it is clear that most individuals start with 
flowering inflorescences but end up converting to bulbil production and initiating new 
bulbil inflorescences. However, juvenile plants (i.e. about one year old) in dense shade 
produce only bulbils during the flowering season. 
VA 
FIGURE 3.1 Diagrams of plant architecture in natural populations of Titanotrichum 
oldhamii. Different growth forms as in summer with long day-length (A) and in autumn 
with short day-length (B). In (B), as day length declines, bulbiliferous clusters (white 
arrows) and bracteose along (black arrows) with inflorescence branches are produced 
eventually at top of the inflorescence and also in the axils of leaves and flowers. 
FIGURE 3.2 itiiiorcscencc photograph's ol Tiiwiiruhuin ølilhiwnii A. Noimal 
inflorescence and bulbils beginning to initiate at the tip of the inflorescence. B. The 
reversion of flowers to leaves (bracts). C. The bracteose proliferation form in the lower 
part of the inflorescence. Inset at 5x magnification. D. Bulbil inflorescence with 
branching. E. Bulbil clusters replace flowers in upper part of the inflorescence and at 
flower axils. Arrows in D and E indicate the position of bulbil clustering. 
3.3.2 DeveloDment of the inflorescence 
Titanotrichum oldhamii is a persistent rhizomatous herb. Several shoots can arise 
from the rhizome, and during early vegetative growth, a pair of two unequal leaves is 
produced at each node, resulting in a decussate phyllotaxy typical of the Gesneriaceae 
and other Lamiales such as Antirrhinum (Carpenter et al., 1995; Vincent et al., 1995). 
When it enters the reproductive phase, it converts to spiral phyllotaxy, in which a single 
floral meristem initiates at each node with a single bract. In most related plants, such as 
Antirrhinum, these floral primordia would develop straightforwardly into flowers with 
whorls of floral organs arising from the meristems sequentially (e.g. Bradley et al., 
1996a). However, in Titanotrichum the developmental fate of these meristems remains 
labile. Three different fates can be observed at the apex of the inflorescence (Fig. 3.3): 
(1) flower formation (Fig. 3.3B) (2) bulbil formation (Fig. 3.3E) (3) bracteose 
proliferation (Fig. 33H), although some transitional states are also seen. 
When flowers are to be formed, the shoot apex elongates and well spaced floral 
primordia are initiated (Fig. 3.3A-3.3B). The "pentagon shape" primordium appears at 
node 10-12 and indicates flower induction (Fig. 3.3B). The terminology of floral stages 
used here follows that used for Antirrhinum (Carpenter et al., 1995). If meristems 
switch to bulbil production and bracteose proliferation, shoot apex organogenesis 
appears more compressed. Bulbil primordia are distinguishable from true floral 
primordia shortly after the "loaf' stage (node 5-7) (Fig. 3.3E-3.3F & Fig. 3.31-1-3.31), as 
in bulbil formation, three subsidiary meristems form (node 9-10) (Fig. 3.3E & 3.4F, 
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FIGURE 3.3 The shoot apex view of three different inflorescence types in 
Titanotrichuni: (1) flower formation, A & B; (2) bulbil clustering, D & E; (3) bracteose 
proliferation, G & H; and their early stage in floral meristem development: C, F, I 
respectively. The floral meristems remain indistinguishable up to the loaf stage as seen 
in C, F, I. The primary floral meristems are denoted by FM, subtending bracts by Br, 
and successively older floral meristems from the shoot apex by 1-13, respectively. Bar 
50j.im in C, F, I; others bar = 200.tm. 
Ml - M3). In bracteose proliferation, more than two bract primordia initiate (Fig. 3.31-1 & 
3.4K, (i + 3). 
3.3.3 Floral development 
When the floral meristem enters the flower development pathway, the primordium is 
at first laterally elongated (Fig. 3.3C). It then produces two opposite bracteoles in 
succession, which remain slightly unequal in size (Fig. 3.4A). The floral apex then 
becomes pentagonal, and all the sepals are initiated synchronously, although the abaxial 
two are somewhat larger (Fig. 3.413-3.41)). Later the five petal primordia are initiated 
synchronously, alternating with the sepals (Fig. 3.4M). The four functional stamen 
initials appear at almost the same time as the petal primordia (the single staminode 
arises later) (Fig. 3.4N-3.4P). 
3.3.4 Development of bulbil clusters and the phenomenon of bracteose 
proliferation 
The floral meristems of Titanotrich urn oldharnii can apparently convert to the 
production of bulbil primordia or into multi-bract units immediately after their two 
lateral bracteoles initiate (Fig. 3.41 & Fig. 3.4K). When primary meristems enter the 
bracteole-producing developmental pathway, the two bracteoles continue to enlarge, 
and the meristems continue to produce more bracteoles (Fig. 3.4L & Fig. 3.4U-3.4X). 
This phenomenon I call "bracteose proliferation" and it appears to be an intermediate 
state between pathways for flower and bulbil production. It does not lead to the 
production of any reproductive units. 
In contrast, the initiation of bulbils is more complicated. After the two bracteoles 
develop, three subsidiary meristems arise laterally to the primary meristem in the axils 
of the bract and bracteoles (Fig. 3.41 7-14G). Then all the meristems divide repeatedly to 
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FIGURE 3.4 SEM analysis of the developing floral meristems. A-D: flower formation. 
E - H: bulbil cluster formation. I- L: bracteose proliferation. Abbreviations: FM = the 
primary floral meristem, Se = sepals, Br = subtending bract, a, 13 , y = bracteoles (first, 
second and third pairs, respectively). In the production of bulbil clusters, the floral 
meristem has been divided into terminal and three subsidiary meristems, which are 
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FIGURE 3.4-continued. Later stages of developing floral meristems. M-P: flower 
formation. Q-T: bulbil proliferation. U-X: bracteose proliferation. Abbreviations: C = 
petals, S = stamen, St = staminode, G = gynoecium by G. In bulbil cluster formation, 
the terminal (TM) and three subsidiary meristems (M 1 -M 3 ), eventually form four major 
primordia (Po to P 3) for clusters of bulbils. In bracteose proliferation, a fourth pair of 
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generate the numerous bulbil primordia (Fig. 3.4H & Fig. 3.4Q-3.4S). Thus, each floral 
meristem might give rise eventually to 50 to 70 bulbils (Fig. 3.4T). 
However, it is possible to find mixed conditions in which flowers and bulbils have 
both arisen from the same meristem (Fig. 3.5). One to four flowers with associated 
surrounding bulbils may arise from a single floral meristem (Fig. 3.5C-3.5F). These 
multiflowered units suggest that flower formation can occur after the formation of 
multiple meristems characteristic of the bulbil developmental pathway. 
FIGURE 3.5 Developmental transition of various numbers of flowers and bulbil 
clusters within the floral meristem. A-F: Up to four flowers (Fl to F4) may initiate with 
bulbils clusters (bul) surrounding them. Fl = the primary flower, F2-F4 = additional 
subsidiary flowers corresponded to subsidiary meristemMl-M3. Bar=200p.m. 
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The inflorescence of Titanotrichum therefore varies between a simple raceme and a 
more complicated structure, with the ability to branch and produce multiple axillary 
meristems. 
3.3.5 Germination of seeds and bulbils 
The seeds of Titanotrichum are minute (c. 0.6 mm long, c. 0.15 mm wide), narrowly 
ovate to spindle-shaped, with the seed coat shrunken into folds around embryo (Fig. 
3.6A). Seeds germinate in 7-10(-14) days at 22°C under constant climatic conditions. 
The germination rate is very variable but is usually about 75%. With the elongation of 
the hypocotyl, the radicle normally emerges through the micropylar region 7-8 days 
after sowing (Fig. 3.613). Thereafter the hypocotyl continues to elongate, and a ring of 
rhizoids is formed at the base of the hypocotyl. These rhizoids probably assist in water 
absorption before the primary root develops and serve to anchor the seedling (Fig. 3.6B-
3.6C). At around two weeks, the cotyledons are fully expanded and green. Many Old 
World Gesneriaceae show accrescent growth of one cotyledon (anisocotyly). In 
Titanotrichum most of the seedlings expand their cotyledons at the same rate during 
their growth, although some (20-40%) revealed slight unequal expansion at a very early 
stage of germination. However, this does not appear to be true anisocotyly as there is no 
accrescence after initial cotyledon expansion. After cotyledon expansion, the primary 
root elongates and the first pair of true leaves is initiated (Fig. 3.6E). Although the adult 
plant is densely covered with multicellular hairs, the seedling has a few glandular hairs 
only. 
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FIGURE 3.6 The process of seed (A-E) and bulbil (F-J) germination. Abbreviations: 
Cot = cotyledons, Hc = hypocotyl, B = Bracts, BS = bract stem, sR = bulbil root, L = 
bulbil leaves, I = bulbil internode and AM = apical meristem. Bar = 200p.m. 
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Compared to seeds, bulbils "germinate" very easily, taking one week and, unlike 
seedlings, can last for 1-2 months on wet filter paper without nutrients. The bulbil 
'germination' rate is higher than that of seeds, at about 95%. 
Bulbil germination in Titanotrichum is slightly different to seedling germination. 
Each bulbil has two "storage" bracts (oil bodies are visible in this tissue in cross section 
under the light microscope) forming a V-shape at the top of a short bract stem (Fig. 
3.617). In comparison to the seed, it is relatively large (1.5 mm long, 0.5 mm wide). 
When a bulbil is about to germinate, it forms a ring of rhizoids to take up water (like 
those in true seedlings) (Fig. 3.6G-3.6H). Then, on the side of bract stem, a root 
primordium begins to initiate (Fig. 3.6H). Furthermore, a first pair of leaves ("bulbil 
leaves") start to develop between the two storage bracts (Fig. 3.61). The bulbil leaves 
continue to grow on an elongating "bulbil internode" (Fig. 3.61). A second pair of 
leaves arises from the apical meristem between the bulbil leaves one week after the start 
of germination (Fig. 3.6J & Fig. 3.7). 
3.3.6 Environmental control 
In the field, bulbil production of Titanotrichum begins at the end of summer, 
apparently when daylength begins to shorten. Around the end of August, daylength in 
its native habitat declines slowly to below 12 hours (eventually down to 10 hours on the 
shortest day of the year). The mean daily temperature falls too, typically from 30°C to 
22°C, but seldom drops below 20°C. When offspring from the same genotype were 
placed into different daylengthltemperature growth cabinets, plants in long daylength 
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FIGURE 3.7 A illustration of bulb il-germinated "seedling". Arrow indicates the 
remains of the V-shape bulbil. Bar=5mm. 
conditions and low temperature (16 hours daylight and constant temperature at 18°C) 
exhibited slowed flower development but no inhibition of the initiation and 
development of bulbil inflorescences. Individuals in long day conditions but moderate 
temperature (16 hours daylight and 23°C), showed reduced production of bulbiliferous 
inflorescences, and flowering inflorescences predominated. In short days flowers are 
not produced but bulbils are produced vigorously at both temperatures (8 hours 
daylight). 
3.4 Discussion 
3.4.1 Plasticity of meristem behavior 
56 
Titanotrichum has inflorescence meristems that can revert to vegetative growth 
(bulbil formation and bracteose proliferation) (Fig. 3.8). Moreover, many individuals 
can produce bulbil-only inflorescences while other inflorescences are still flowering. 
Occasionally, individuals may have their inflorescences transformed from flower 
production (with flowers at the base) to the production of bulbil primordia or bracteose 
proliferation (sometimes the multi-bracteole units may produce enlarged bracts or even 
leaves), and then revert back to flowering again at the top. This variation suggests that 
after inflorescence induction, the inflorescence meristem of Titanotrichum is constantly 
regulated by the interaction of genetic and environmental signals. 
The floral and bulbil meristems are indistinguishable up to the end of the loaf stage 
(Fig. 3.3C, 3.3F & 3.31). Apparently the meristems are uncommitted at this early stage 
and are developmentally plastic when formed. There seems to be directional phase 
change in primordium fate within the inflorescence: flower formation occurs at the 
beginning of the flowering season, then bulbil formation replaces flowers at the top of 
the inflorescence and bulbils are also produced from the axillary meristems in bract and 
bracteoles of existing flowers. The existence of multiflower units, formed after the 
multiple meristems form at the start of the bulbil pathway, suggests that the meristems 
are not irrevocably committed at this stage and can revert back to flower formation. 
Occasionally, bracteose proliferation occurs, in which multiple bracteoles form in a 
whorl surrounding the undifferentiated floral meristem. 
This plasticity is perhaps unsurprising as the Gesneriaceae as a whole displays 
unusually variable meristem behavior. Some genera of the Gesneriaceae, such as 
Streptocarpus (Jong and Burtt, 1975; Möller and Cronk, 2001), vary enormously in 
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basic morphology. Three major growth forms occur in Streptocarpus: caulescent, 
unifoliate and rosulate (Jong and Burtt, 1975). Unifoliates have no shoot apical 
meristem but a single cotyledon with a basal menstem and a separate meristem in 
midrib. However, in Streptocarpus, the variable behaviour of the vegetative meristem is 
uncoupled from that of the reproductive meristems, which remain unchanged, 
producing normal pair-flower cymes, like other members of the Gesneriaceae. 
3.4.2 Developmental switches and meristem transitions 
Developmental and genetic studies on meristem behaviour in Antirrhinum and 
Arabidopsis mutants provide cases analogous to that in Titanotrichum. For instance, the 
Antirrhinum majus L. mutant squamosa (squa) is characterized by excessive formation 
of bracts and the production of fewer and deformed flowers (Huijser et al., 1992). 
Similarly, the Antirrhinum mutant floricaula (fib),  homologous to the Arabidopsis 
mutant leafy (1)5/), produces indeterminate shoots bearing further bracts (instead of 
flowers) in the axils of bracts (Coen et al., 1990). These phenotypes combined (as in the 
fib/s qua double mutant) are similar to the bracteose proliferation form in Titanotrichum. 
The development of the floral meristem in the squa orfio mutant is similar to the wild 
type until the loaf stage, but the meristem then fails to form sepals in a whorl. Instead, 
bracteole primordia form at the end of the loaf structure. This menstem may give rise to 
an indeterminate inflorescence with a spiral array of bracteoles (17b) or remain with two 
lateral bracteoles plus two ventral primordia without floral parts (squa). 
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These phenotypes though are artificial mutations, and thus are not developmentally 
plastic as in Titanotrichum. However, the similarity of developmental stages in bothflo 
and squa with the bracteose proliferation form of Titanotrichum is striking (Fig. 3.4X & 
Fig. 3.8). This suggests that Gesner-FLO and Gesner-SQUA may be candidate genes for 
the regulation of the bracteose proliferation phenotype in Titanotrichum. 
The cluster of bulbil primordia produced at one floral meristem can be likened to a 
compressed inflorescence side branch (Fig. 3.4G). Again the Gesner-FLO gene may 
play a role in this because FLO promotes transitions between floral and vegetative 
(branching) phases. Moreover, the TERMINAL FLu WER-1(TFL-1) gene of Arabidopsis 
(Araki, 200 1) and the homologous CENTRORADIALIS (CEN) gene of Antirrhinum are 
known to influence whether the inflorescence is determinate or indeterminate (Bradley 
et al., 1996b). Overexpression of TFL-1 in Arabidopsis results in a prolonged vegetative 
phase and a highly branched inflorescence (Ratcliffe et al., 1998; Schmitz and Theres, 
1999). Similarly, work on meristem reversion of Impatiens suggests that FIMBRIATA 
(FIM) affects the formation of the whorled phyllotaxy and defines the boundaries of 
different organ identity genes (Pouteau et al., 1998a). Environmental changes can cause 
the Impatiens balsam ma L. flower axis to revert back to a vegetative meristem, 
resulting in deformed flowers and leaves (bracts) (Pouteau et al., 1997, 1998b). Floral 
meristems in Impatiens can therefore also adopt different fates. 
Bulbil formation is widespread in angiosperms. Many species, such as Sax fraga 
cernua (Saxifragaceae), Ranunculusficaria (Ranunculaceae) and Remusatia vivipara 
Schott (Araceae) share with Titanotrichum the ability to initiate bulbils in place of the 
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FIGURE 3.8 Diagrams summarizing meristem fate as development in three different 
pathways: flower formation, bulbil proliferation and bracteose proliferation. 
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lateral meristems (the distal axillary bud adjacent to the floral bud), shows an 
essentially similar pattern of development. Thus there may be an analogous 
developmental switch common to bulbil formation in diverse species. Titanotrichum is 
unusual in that this developmental switch incorporates successive meristem divisions to 
produce numerous bulbils from one primordium. 
3.4.3 Similarity between bulbils and seedlings 
With the obvious exception of the two prominent bracts, the Titanotrichum V-shaped 
bulbil possesses a number of similarities to the seeds. On 'germination' a pair of bulbil 
leaves arise on an elongated bulbil-intemode (Fig. 3.61). However, root initiation in the 
bulbil is secondary (the root primordium grows endogenously from the side of the bract 
stem). On the other hand, seed germinates with a true radicle (primary root) which is 
persistent in Titanotrichum. The development of a secondary root in the seedling, after 
primary root abortion, is common in many Old World Gesneriaceae species, but 
apparently not in Titanotrichum (Fig 3.6D & 3.6E). There is no "anisocotyly" in bulbil 
germination the bract and leaf pairs produced on germination being equal. Wang et al. 
(2002) recently observed seedlings from two individuals of Titanotrichum oldhamii and 
concluded that it is anisocotylous. My observations have not revealed any differential 
growth of the cotyledons after initial expansion, which may indeed be slightly unequal. 
To clarify this, it would be useful to examine whether there is an unequal cell division 
rate in the two cotyledons, as demonstrated by Tsukaya (1997) in Monophyllaea. 
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Moody et al. (1999) following Troll (1937) defined the vegetative propagules of 
Mimulus gemmiparus as brood bulbils (with storage in the leaf component), as distinct 
from brood tubers (storage in the stem component). The storage bracts of Titanotrichum 
are part of the wide range in form of storage organs shown by bulbils. For instance, in 
Globba (Zingiberaceae), the bulbils are tuber-like propagules, while in A ilium 
(Alliaceae), globular bulbils form at the base of umbel pedicel. The bulbils of Sax fraga 
(Saxifragaceae) have enclosing bracts and replace flowers within the inflorescence. 
Mimulus gemmiparus (Scrophulariaceae), closely parallels Titanotrichum by possessing 
V-shaped storage bracts (Moody et al., 1999), However, in Titanotrichum the whole 
floral meristem has been replaced by a cluster of bulbils, allowing Titanotrichum to 
produce large numbers of bulbils, whereas in Mimulus only one propagule arises (from 
the proximal axillary buds). 
3.4.4 Ecological significance of bulbil production 
Bulbil production is the common state of all natural populations of Titanotrichum 
when autumn approaches (at the beginning of September). As Titanotrichum usually 
grows near water, these tiny bulbils disperse by flotation very easily. When attempting 
to trace the origin of young clonal populations along ditches or tributaries, it is always 
possible to locate a putative progenitor colony or plant upstream. Bulbils may also be 
more easily carried by animals (including humans) than seeds. The pointed storage 
bracts, which have long trichomes, catch readily human clothing and probably on 
animal fur. Plants that regenerate from bulbils grow vigorously and establish quickly. 
They can produce rhizomes in a shorter period than seedlings, which is important for 
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surviving drought or the death of above ground growth. Although flowers are produced 
freely in almost all natural populations, seeds are hardly ever set. Propagation by bulbils 
is thus the major means of mass reproduction and dispersal for Titanotrichum in the 
wild, especially since seeds are rarely set, perhaps because of a lack of effective 
pollinators (Chun-Neng Wang, personal observation). 
Bulbils are unusual in tropical or subtropical plants (with certain exceptions such as 
Remusatia vivipara). Titanotrichum is therefore interesting in being a subtropical plant 
that uses bulbil propagation as its main reproductive strategy. Many bulbiliferous plants 
grow in high alpine or arctic regions, or are aquatics. The arctic-alpines grow under 
severe conditions in which the short summers only allow 1-2 months for reproduction, 
and uncertainty of weather may reduce pollinators and pollination success. 
Titanotrichum however grows under stable and permissive environmental conditions. 
However, Titanotrichum often grows in dense shade in which inflorescence growth and 
flower production is reduced. Individuals under dense shade tend to produce more 
bulbils relative to flowers compared to individuals in full light. Furthermore, field 
observations suggest that seedlings rarely establish in deep shade, and most 
regeneration is by the more robust bulbil-produced juvenile plants and by rhizomatous 
spread. In willow herb (Epilobium angustfolium L.) it has been noted that flower buds 
are prone to drop under shade and insect pollination is reduced, and as a consequence 
the production of vegetative offshoots is promoted (Kerner, 1904). 
It is notable that bulbil formation in glasshouse conditions in Edinburgh is much 
more pronounced than that in the wild. Almost every leaf axil initiates a bulbil 
inflorescence resulting in massive bulbil production. I attribute this to low glasshouse 
temperatures (c. 18°C max.) and to the rapid decline of daylength after mid-autumn that 
occurs in Edinburgh. From observations in the wild and from examination of herbarium 
specimens collected in autumn and winter in Taiwan, it is clear that the situation in the 
wild is less marked, and bulbiliferous inflorescences do not so dramatically replace 
normal flowers and vegetative shoots. 
3.4.5 Significance of bulbil production for conservation 
Seed set is very low in natural populations of Titanotrichum in Taiwan, adjacent 
regions of China, and the Ryukyu Islands, Japan, which suggests that bulbil production 
is the major reproductive strategy for nearly all populations despite regular flower 
production. In the open, the flowers are sometimes visited by large bees and butterflies. 
However, in deep shade, Titanotrichum flowers are rarely visited by insects even 
though other flowering plants nearby, such as Begonia spp., are regularly visited by 
pollinating insects. Although seed reproduction is low, occasional seed set and rare 
crossing between populations may be important in maintaining population viability. In 
Taiwan, Titanotrichum is highly localized in small populations, and it is very rare in 
China (because of human-induced habitat loss) and also in the Ryukyu islands 
(probably because here it is at the edge of its range). In declining and ecologically 
marginal populations, sexual reproduction is likely to be particularly inefficient, and 
clonally homogeneous populations, following exclusively vegetative propagation may 
become predominant. On the other hand, some populations show a higher amount of 
seed set. Surveys of the genetic variation within and between populations are needed in 
order to determine the extent of clonality and ascertain whether the genetic variation is 
lower in marginal or threatened populations. 
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Chapter Four: Altered expression of GFLO, the Gesneriaceae 
homologue of FLORICAULA/LEAFY, during bulbil formation in 
TITANO TRICHUM OLDHA MI! 
4.0 Charter summary 
Titanotrichum oldhamii inflorescences switch from flower to bulbil production at the 
end of the flowering season. The structure of the bulbiliferous shoots resembles the 
abnormal meristematic organization of the Antirrhinum mutant, floricaula. 
Gesneriaceae- FLORICAULA (GFLO) is thus a candidate gene in the regulation of 
bulbil formation. To investigate this hypothesis, part of the GFLO gene (between the 
second and third exon) was isolated using degenerate primers designed in regions 
conserved between Antirrhinum, Nicotiana and Arabidopsis, followed by inverse PCR 
and genome walking to obtain the gene and the 5 flanking sequence. RT-PCR results 
showed that the GFLO homologue is strongly expressed in inflorescence apical 
meristems and young flowers. However, in meristems that had switched to bulbil 
formation, GFLO transcription was greatly reduced. The down-regulation of GFLO in 
bulbil primordia indicates that this gene is connected to, or part of, the bulbil-flower 
regulatory pathway. 
Keywords: bulbil, bulbiliferous inflorescences, evolution of development, floral 
induction, gene expression. 
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4.1 Introduction 
The induction of flowering is one of the most important developmental transitions 
for sexually reproducing angiosperms. When plants enter the floral transition, shoot 
apices switch from vegetative to reproductive mode, in response to environmental and 
endogenous signals (Simpson, Gendall and Dean 1999). 
However, in Titanotrichum, there is a further transition: from flowering 
inflorescence to bulbiliferous ones at the end of the flowering season (Fig. 4.1). When 
plants are exposed to long-day (LD) conditions or in summer, flowers are initiated, 
while under short-day (SD) conditions or in autumn, bulbil primordia are formed, 
replacing all "floral" meristems at the top of the inflorescence, and in addition 
numerous new bulbiliferous inflorescences (newly formed inflorescences containing 
only bulbils) are initiated (Wang, unpublished data). These bulbil inflorescences initiate 
in the axils of most bracts and leaves, and the existing inflorescence starts to branch 
vigorously. In these new branches, clusters of 50-60 bulbils develop at each node 
instead of flowers. These clusters are reminiscent of a compressed side-branch. Tens of 
thousands of V-shaped bulbils can thus be produced from a single plant. When bulbils 
start being produced, pollinated flowers in the lower part of an existing inflorescence 
can still form viable seeds, but the seed set is generally low. Complete fertilization 
failure occurs in any residual flowers at the top of the inflorescence, possibly due to 
resource competition between bulbil and ovule development (Chapter 6). 
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The transformation of floral meristems into bulbil primordia is a widespread 
phenomenon in flowering plants (e.g. Polygonum viviparum and Mimulus gemmiparus; 
Diggle 1997; Moody et al. 1999) perhaps indicating a common genetic mechanism in 
diverse plants. Bulbil production in such plants is often related to environmental 
conditions, as well as intrinsic factors, such as position on the inflorescence (Diggle 
1997). In Titanotrichum, both intrinsic factors and environmental conditions are 
involved. The inflorescence architecture of Titanotrichum inflorescences is an 
indeterminate raceme, as in Antirrhinum and Arabidopsis, and the SAM continues 
growing, with flowers formed in a spiral phyllotaxy until the apex eventually senesces. 
When shoot apices of inflorescences are removed, even in individuals growing under 
LD conditions, bulbil formation commences from all axillary meristems immediately 
after the physical manipulation (Wang, pers. obs.). 
In Antirrhinum the floricaula mutation results in the transformation of flowers into 
indeterminate axillary shoots bearing a spiral of single bracts (Coen et al. 1990). A 
similar phenotype occurs in the Arabidopsis mutant leafy, in which most of the flowers 
are replaced by sepal-like structures bearing trichomes, similar to those on leaves 
(Weigel et al. 1992). The bulbiliferous inflorescence and "bracteose branching" (an 
intermediate state between flowering and bulbiliferous inflorescence) in Titanotrichum 
are reminiscent of these mutant phenotypes (see Chapter 3). Since the initiation of 
bulbil inflorescences in Titanotrichum is daylength sensitive and involves the 
conversion of floral primordia into indeterminate vegetative structures with no floral 
organs, the FLO/LFYhomologue in Titanotrichum is a possible candidate gene for 
regulation of the florali'bulbiliferous inflorescence transition. 
4. 1.1 Structure and function of FLO/LFYhomolociues 
LFY has been found to be involved in two of three major flower induction pathways, 
the daylength dependent and daylength independent process, but not in the autonomous 
/ vernalization process (Blâzguez et al. 1997; Levy and Dean 1998; Nilsson et al. 1998; 
Blázguez and Weigel 2000; Devlin and Kay 2000). Interactions between LFY and many 
transcription factors in these pathways such as FT (flowering time gene) and FWA 
(flower-delay repressor gene) are extremely complicated (Liljegren and Yanofsky 1996; 
Okamuro et al. 1996; Parcy et al. 1998; Pidkowich et al 1999; Hempel et al. 2000; 
Battey and Tooke 2002). The daylength dependent pathway involves the transcription 
product of the CONSTANS (CO) gene up-regulating LFY in LD conditions (Simon et al. 
1996; Simpson et al. 1999; Onouchi et al. 2000; Araki 2001). The daylength 
independent pathway requires gibberellins to activate the LFY promoter, after which 
flowers are induced (Blázguez et al. 1998; Blázguez and Weigel 1999, 2000). FLO/LFY 
positively regulates several down-stream floral homeotic genes and thus in addition to 
promoting the transition to flowering, is also required for floral organ formation 
(Weigel and Nilsson 1995; Hempel et al. 1997; Blázguez et al. 1998; Wagner et al. 
1999; Ng and Yanofsky 2000; Lohmann et al. 2001; Parcy et al. 2002). 
The FLOILFY gene consists of three exons and two variable-length introns. The gene 
is also characterized by a proline-rich region in its 5' N terminal and a highly acidic 
region in the second exon (Coen et al. 1990). FLOILFY encodes a nuclear protein that 
can bind DNA suggesting that it is a transcription factor, although the targets are 
unknown (Weigel 1995). There has been a growing number of FLO/LFYhomologues 
isolated and functionally studied in angiosperms. Some of these have a similar function 
to that of FL O/LFY (i.e. ALF from Petunia, Souer et al. 1998; FALSIFLORA from 
Tomato, Molinero-Rosales et al. 1999), while many others have diversified their 
functions (i.e. PTLF in Populus, Rottmann et al. 2000; NFL] in Nicotiana, Ahearn et al. 
2001 and ELF in Eucalyptus, Southern et al. 1998). For example, UNI and VFL, the 
FLOILFY homologues in pea and grapevine, are involved in the specification of 
indeterminancy in compound leaves and tendrils in addition to floral induction (Hofer et 
al. 1997; Carmona et al. 2002). RFL, the FLOILFYhomologue in rice, was shown to 
control panicle branch initiation but had little effect on floral development (Kyozuka et 
al. 1998). The diversification of their functions suggests that FLO/LFYhomologues can 
have broad impacts on many aspects of plant development. 
Here I investigate the hypothesis that the FLOILFY homologue from Titanotrichum 
(GFLO) is involved in regulation of bulbil formation by isolating the gene using 
degenerate primers designed from Antirrhinum and Arabidopsis, coupled with a 
genome walking technique to extend into the 5' and 3' end regions of the gene. To test 
whether the Gesneriaceae homologue is expressed, a RNA transcript RT-PCR analysis 
was then performed to check the expression pattern among stages of bulbil and flower 
development in Titanotrichum. The sequence of GFLO was also compared to several 
available FLOILFY sequences from GenBank to investigate GFLO evolution. I hope 
this study may provide potential lines of investigation for further studies on the 








FIGURE 4.1 Inflorescence transition in Titanotrichum oldhamii (A-C). SEM pictures 
of the equivalent primordial are shown below (D-F). The hulbil inflorescence (A) & (D) 
or bracteose branching (B) & (F) develop from floral inflorescence (C) & (F). For more 
details see Chapter 3. 
4.2 Materials and Methods 
4.2.1 Plant materials 
A single accession of Titanotrichuin olc/ha,nii cultivated at the Royal Botanic Garden 
Edinburgh (RBGE accession no. 19973433) was used for isolating GFLO homologues. 
Additionally, to test whether GFLO homologues can also be isolated from other 
Gesneriaceae species, two further species were selected. These were Bes lena lahiosa 
(accession no. 19822666, New World subfamily Gesnerioideae) and Streptocarpus rexii 
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(accession no. 19870333, Old World subfamily Cyrtandroideae). Voucher specimen of 
these taxa are deposited in the RBGE herbarium (E). 
4.2.2 DNA extraction 
To get sufficient good quality DNA for genome walking, several CTAB miniprep 
extraction products (Doyle and Doyle 1987) were combined to yield c. 5pg genomic 
DNA. To clean the DNA, the extraction was mixed with phenol/chloroform (pH = 8), 
centrifuged for 10 min at 13200 rpm to pellet out protein and cell debris and centrifuged 
again with chloroform only. The DNA in the supernatant was precipitated with 0.1 
volume of 7M sodium acetate to remove carbohydrate. The resulting pellet was 
resuspended in water to obtain the required DNA concentration. 
4.2.3 Primer design 
Part of GFLO (from the 3' end of second exon to the middle of the third exon) was 
amplified with a pair of highly degenerate primers designed from several FLO/LFY 
homologues across angiosperms (M. Frohlich, Natural History Museum, London, pers. 
comm.). The amplified products were then extensively cloned (to saturation) into 
vectors and sequenced more than 20 clones according to procedures in QIAGEN PCR 
CloningPlus Kit and QIAGEN Spin Miniprep kit (Qiagen Ltd, Dorking, Surrey, UK). 
To extend into the first, second and third exon regions of GFLO, I designed two pairs of 
degenerate primers using published sequences of FLO, NFL], NFL2, ALF and LFY, and 
my first sequence. The region between the end of the exon 2 and the end of exon 1, 
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including intron 1 was amplified using LFY-Fl (forward): 5 '- 
GCYCTTGAYGCTCTYTCHCAAGAA-3'and LFY-Y1R (reverse): 5 '- 
CTTRGYKGGRCATTTYTCRCC-3'. The region between the beginning of the exon 3 
and the 3'end of the exon 3 was amplified using LFY-WZF1 (forward): 5' 
CCARGTGTTYAGRTACGCRAAGAA-3'and LFY-Z1R (reverse): 5 '- 
GRAGCYTGGTGGGSACATACCA-3'. PCR profiles for the above two sets of primers 
started with an initial denaturing step of 94°C for 3mm, followed by 35 cycles of PCR: 
94°C for 45 sec, 57°C for 45 sec and 72°C for 3 mm, and terminated by a 10 min final 
extension step at 72°C. With the exception of the primers, all PCR reagents, including 
Taq polymerase, were obtained from Bioline (Bioline, London, UK). The PCR products 
were again cloned into vectors and sequenced. 
4.2.4 Genome walking 
The genome walking protocol used (G. Ingram and K. Coenen, University of 
Edinburgh, pers comm.) was adapted from the original of Siebert et al. (1995). 2.5 pg 
genomic DNA was digested with 6-hp blunt-end cutting restriction enzymes (i.e. 
EcoRV, P VUII, PrnlI and SinaI) in a 100 p1 reaction according to manufacturer's 
protocol (NEB biolab, Herts, UK). The digested DNA was column purified to remove 
excess amount of enzyme using Qiagen DNA spin columns and eluted in 50 p1 of TE 
(Qiagen Ltd. west Sussex, UK). Cleaned digest was ligated to an adapter (Siebert et al. 
1995) using T4 DNA ligase (NEB biolab, Herts, UK). 0.25 to 0.5 p1 of the adapter-
ligated DNA in 50 p1 reactions was used to get the upstream flanking region of GFLO 
through nested PCRs. The first round of PCR utilized a gene specific primer (LFY- 
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WAG 1: 5 -TTCCTGCTGCCTCCTTCTCTTGTTG-3) and an adapter primer (AP 1:5 '-
GGATCCTAATACGACTCACTATAGGGC-3'). A "step-down" PCR-based technique 
was applied to pull out desired products from the DNA fragment pool (Zhang & Gurr 
2000). PCR was "hot started" by adding Taq polymerase after the DNA template was 
heated to 94°C. The step-down PCR conditions involved two temperature cycling 
conditions (denaturing vs. annealing and extending), starting with a cycle of 3 sec at 
94°C (denaturing) and 3 min at 68°C (annealing and extension). Following this, the 
temperature for annealing and extension was decreased 1°C after each cycle for 8 
cycles (temperature for annealing and extension dropping to 61°C). An additional 24 
cycles were then performed at 6 1°C, with a final extension step of 61°C for 10 mm. 
The second round of PCR also utilized a gene specific primer (LFY-WAG2: 5'-
CTAACCTTCTTGAGAGAGAGCATCA-3) and another adapter primer (AP2: 5'-
AATAGGGCTCGAGCGGC-3) using the first PCR product as template (one in 50 
dilution). The PCR conditions were similar to the first round except the temperature of 
annealing and extension started at 65°C. These products were then cloned as before and 
sequenced. The location of all the primers is given in Figure 4.2. 
4.2.5 RT-PCR 
The RNA extraction was performed using a QIAGEN RNeasy mini kit (cat. 74104. 
Qiagen Ltd, UK) and cDNA was synthesized using a QIAGEN Ominiscnpt RT kit (cat. 
205111. Qiagen Ltd, UK) according to the manufacturer's recommendations. The 
resulting eDNA pools from these different tissues was then individually amplified using 
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the LFY-F1 and LFY-Y1R primer pair. Since this primer pair spans the first intron, RT-
PCR products are easily distinguished from genomic contamination. As a control, a 
550-bp PCR fragment of the actin gene was amplified in parallel using a set of primers 
(forward): 5 '-GCGATAATGGAACTGGAATGG-3' and reverse 5 '- 
GACCTCACTGACTACCTTATG-3'(K. Coenen, per comm.). To check for over-
saturated PCR products across different tissues, during the RT-PCR amplification (25 p1 
reaction), small aliquots of the PCR products were examined after 20, 25, and 30 cycles 
of amplification to determine the optimal cycles for comparison. The PCR products 
were separated and visualized in on a 1% agarose gel stained with ethidium bromide 
staining (0.1 tg/ml). The gel intensity was calibrated with quantitative DNA ladder 
using a Gene Genius image analysis system quantitatively (Syngene, Cambridge, UK) 
to estimate the amount of expression (the program converts band intensity to "row 
volume" of DNA). 
4.2.6 Phyloenetic analysis of GFLO evolution 
The GFLO sequence from Tiranotrichum will be deposited as GenBank ace. no.: 
Phylogenetic trees were obtained using PAUP as described in Chapter 2. To 
evaluate the evolution of other GELO homologues further, first intron and second exon 
sequences of Gesneriaceae species Besleria labiosa (GenBank ace. no.: ________) and 
Streptocarpus rexii (GenBank ace. no.: ) were also obtained using the primer 
pair of LFY-F1 and LFY-Y1R and included in the analysis. 
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4.3 Results 
4.3.1 Sequence of Titanotrichum GFLO 
The FLO/LFY homologue I isolated from Titanotrichum was about 1,700 bp in length 
(c. 90 bp in 3' end was not isolated). In addition, 260 bp of 5' flanking sequence were 
also obtained (Fig. 4.2). The degenerate primers used were capable of amplifying FLO 
and LFY in Antirrhinum and Arabidopsis, and should thus amplify all FLO/LFY like 
genes present in Gesneriaceae. Extensive PCR and cloning failed to detect any 
paralogous sequences, indicating that the gene is likely to be single copy in 
Titanotrichum. Like FLO/LFY, GFLO consists of three exons and two introns, a 
proline-rich region in exon 1 (starting 90 bp from 5' end) and an acidic region in exon 2 
(starting from 999 bp) (Fig. 4.2). Intron 1 (position 433 to 853) and intron 2 (position 
1232-1318) are AT-rich. GFLO encodes a putative protein of about 410 amino acids. 
The size of each exon and the amino acid sequence in GFLO shows greatest similarities 
(90%) to FLO in Antirrhinum (Fig. 4.3). The amino acid sequence similarity to NLF1 
and NLF2 is 87% and to LFY is 77%. 
4.3.2 GFLO evolution 
The reconstructed FLO/LFY DNA phylogeny supports GFLO as the orthologue of 
FLO (Fig. 4.4). In the single most parsimonious tree, FLO and GFLO are placed in their 
own dade with good branch support (BS= 85%). The four Solanaceae LFYhomologues 
(NFL], NFL2, FALSIFLORA and ALE) also grouped together with high branch support 
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FIGURE 4.2 Genomic sequence of GFLO from Titanotrichum with 5-prime flanking sequence 
(blue). exon (black, capital letters) and intron (red). The amino acid translation is given along with 
putative splice sites (arrows) and primer sequences (underlined). Genome walking primers 
sequences (LFY-WAG! & LFY-WAG2) are shadowed. RT-PCR primers are LFY-F1 and LFY-
Y1R. Approximately 90 bp at the 3-prime end have not been sequenced. 
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FIGURE 4.3 Aligned amino acid sequences showing relationship between 
Titanotrichum GFLO and sequences from tobacco (NFL] and NFL2, Kelly et al. 1995), 
Petunia (ALE, Souer et al. 1998), Antirrhinum (FLO, Coen et al. 1990) and Arabidopsis 
(LFY, Weigel et al. 1992). Regions of sequence conservation are marked in black, while 
regions of similarity are marked in gray. The GFLO sequence shows most similarity to 
FLO. 
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386 informative sites. Although substitutions at the third codon position appeared to be 
saturated (five times more substitutions were observed at the third position compared to 
the first and second codon positions), an analysis excluding all third codon positions did 
not give a different result. This topology was also recovered in the amino acid analysis, 
which resulted in 12 most parsimonious trees, although the rosid homologues collapsed 
to a basal polytomy in the strict consensus (not shown). 
To test GFLO homology further, two more GFLO sequences (second exon only) from 
Streptocarpus rexii and Besleria labiosa were analysed. The single most parsimonious 
tree indicated that the three GFLO homologues grouped together forming a well 
supported group, sister to FLO (BS=89%, Fig. 4.5). 
4.3.3 RT-PCR 
The RT-PCR results showed that GFLO was expressed in inflorescence and bulbil 
primordia but not in mature leaves (Fig. 4.6). cDNA fragments of c. 480bp (exon 2) 
were amplified, 420 bp shorter than the amplified genomic fragment (Fig. 4.6). The 
expression was found to be highest in young inflorescences (i.e. floral inflorescences) 
and unopened flowers but was markedly down-regulated after the transition to bulbil 
inflorescence, both inflorescences at the bulbil-primordia stage and at the young bulbil-
stage. RT-PCR was repeated three times with different RNA extractions with the same 











FIGURE 4.4 Single most parsimonious tree of all exon DNA sequences from GFLO 
and other species showing the sister relationship between FLO and GFLO. NFL], 
NFL2: Nicotiana (Kelly et al. 1995); ALF: Petunia (Souer et al. 1998); FALSIFLORA: 
tomato (Molinero-Rosales et al. 1999); FLO: Antirrhinum (Coen et al. 1990); UNI: pea 
(Hofer et al. 1997); LFY: Arabidopsis (Weigel et al. 1992); VFL: Vitis (Carmona et al. 
2002); ELF: Eucalyptus (Southerton et al. 1998); ALFJ: apple (Wada et al. 2002); 
PTLF: poplar (Rottmann et al. 2002). Values above branches are branch length, and 
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FIGURE 4.5. Single most parsimonious tree (from exhaustive search) of second exon 
DNA sequences of selected astend species and Arabidopsis (sequences references as in 
Figure 4.4). The Gesneriaceae sequences (Streptocarpus, Besleria and Titanotrichum) 
group closely together and are sister to FLO. Branch length and bootstrap values 
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FIGURE 4.6 Expression of Titanotrichum GFLO during buihil and inflorescence 
development. A. DNA amount (converted row volume) in each lane: B. RNA 
transcripts from stages of young inflorescence. unopened flowers, bulbil prirnordia, 
young hulbils, and leaves. There is a striking decrease in GFLO transcript associated 
with the transition from floral to hulbiliferous shoots. 
4.4 Discussion 
4.4.1 Titanotrichum GFLO is linked to the bulbil development pathway 
From my RT-PCR results, it was clear that Titanotrichum GFLO expression changes 
at the transition to bulbil inflorescence initiation and development (Fig. 4.6). This raises 
the question of whether GFLO might be a regulator of the transition or whether GFLO 
down-regulation is simply a downstream consequence of the transition. FLO/LFY 
homologues have been reported with various functions (e.g. Populus PTLF influences 
growth rate and crown development, Rottmann et al. 2000; Impatiens ImpFLO is 
expressed both in reproductive parts and in leaves after floral reversion, Pouteau et al. 
1997). However, Titanotrichurn has an inflorescence morphology similar to 
Antirrhinum (also in the Lamiales) and GFLO is most closely related to FLO. Thus 
GFLO function might potentially be related to that in Antirrhinum, where loss of 
function leads to inflorescence branching. Given that, it is possible that determination of 
floral fate in Titanotrichum is promoted by GFLO expression and that GFLO down-
regulation may release inflorescence meristems for vegetative growth. Similarly, in rice 
the FLO/LFY homologue (RFL, Kyozuka et al. 1998) was found to be down-regulated 
in panicle branch initiation. 
Transformation of the flowering inflorescence to bulbilifery in Titanotrichum is 
promoted by short days and by excision of shoot apices. LEAFY is known to integrate 
daylength and endogenous (gibberellin) signals in the regulation of the transition to 
flowering (Blâzguez and Weigel 2000). The homologue GFLO is thus a possible 
candidate for integrating environmental and endogenous signals in determining the 
transition between floral and bulbiliferous inflorescences. It would thus be interesting to 
discover genes negatively regulated by GFLO, which, when released in response to 
GFLO down-regulation, might drive the bulbil developmental pathway. 
4.4.2 GFLO and FLO/LFYhomolociues evolution 
The sequences of the three Gesneriaceae FLO/LFYhomologues provide some 
indications of the phylogenetic potential of these genes to resolve relationships at the 
subfamily or tribe level (Fig. 4.5). Although large scale phylogenies of FLO/LFY 
evolution have been investigated in several studies across green plants (Frohlich and 
Meyerowitz 1997; Himi et al. 2001), FLO/LFY coding regions have seldom been 
evaluated at the family level. Although some two to three copies of FLO/LFY have been 
isolated from some species (i.e. NFL] and NFL2 in Nicotiana), these copies seems to be 
recent paralogues within genera rather than divergent ones (e.g. NFl and NF2 have 
97% identity in their coding region, while apple has AFL] and AFL2 sharing 90% 
sequence identity). Given that FLO/LFY is often single copy in angiosperms, it is 
potentially easier to amplify and sequence compared to other, multi-copy, floral identity 
genes. In addition, GFLO sequences are easily alignable with little ambiguity. In the 
small sample of second exon sequences in my analysis, the proportion of informative 
sites is high at c. 10% (45 informative characters in a total of 456 characters). GFLO 
sequences therefore are candidates for inclusion with other genes to resolve the 
branching pattern at the base of the family Gesneriaceae, which is still subject to some 
uncertainty (Smith et al. 1997b). 
Chapter Five: Population structure of Titanotrichum oldhamii 
(Gesneriaceae), a subtropical bulbiliferous plant with mixed 
sexual and asexual reproduction 
5.0 Charter summary 
Titanotrichum oldhamii is a monotypic genus distributed in Taiwan, adjacent regions 
of China and the Ryukyu Isands of Japan. Its conservation status is vulnerable (V) as 
most populations are small and widely scattered. Titanotrichum has a mixed system of 
reproduction with vegetative bulbils and seeds. A RAPD and inter-SSR analysis 
supports the conclusion that many populations reproduce predominantly asexually but 
that some genetic variation still exists within populations. However, significant amounts 
of variation exist between populations, perhaps reflecting population differentiation by 
drift. This partitioning of genetic diversity indicates that the level of inter population 
gene exchange is extremely low. These findings are consistent with field observations 
of very limited seed production. The Chinese populations are similar to those of 
Northern Taiwan, while the Ryukyu populations fall within the range of variation of the 
north-central Taiwan populations. The Taiwanese populations are relatively variable 
and differentiation between North, East and South Taiwan is evident. North-central 
Taiwan is the center of genetic diversity, possibly due to the proximity of the former 
land bridge between China, Taiwan and Ryukyu, together with the variety of suitable 
habitat in North Taiwan. The distribution of Titanotrichum seems to be consistent with a 
former land connection between China, Taiwan and the Ryukyu Islands at a glacial 
maximum during the Quaternary, followed by progressive fragmentation of the 
population. The significance of these findings for conservation is discussed. 
Keywords: facultatively vegetative apomixis, sea-level change, Pleistocene 
biogeography 
5.1 Introduction 
Many plant species can reproduce clonally by creeping roots or stems, propagules 
such as bulbils and tubers, or agamous seeds. Bulbiliferous species are interesting as 
they have developed specialized vegetative organs for reproduction and the genetical 
and ecological significance of bulbiliferous reproduction is of evolutionary interest. 
Bulbiliferous plants usually continue to produce flowers thus retaining the potential 
for sexual reproduction (Arizaga and Ezcurra 1995). Under extreme environmental 
conditions, as in arctic or montane regions, clonal reproduction by pseudo vivipary 
(sensu Kerner) may become dominant as suitable conditions for sexual reproduction are 
limited (Kerner 1895; Klimeg et al. 1997). Polygonum viviparum has been observed to 
initiate more bulbils in the lower part of the inflorescence when growing in arctic-alpine 
regions as compared to warmer regions (Diggle 1997). In other arctic clonal plants, such 
as Saxfraga cernua and Poa alpina, seed set has only very rarely been observed 
(Briggs and Walters 1997; Gabrielsen and Brochmann 1998). 
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In tropical and subtropical plants, bulbils are fairly unusual (with few exceptions 
such as Remusatia vivipara and Globba sp.), and bulbiliferous reproduction is seldom 
documented in tropical environments where pseudo-viviparity is not a reaction to 
extreme conditions (Moody et al. 1999). Clonal plants in the tropics, with certain 
notable exceptions such as Eichhornia paniculata (Glover and Barrett 1987) and 
Aechmea magdalenae (Murawski and Hamrick 1990) have rarely been investigated for 
genetic diversity and population structure. 
Titanotrichum oldhamii, however, has evolved a mixed reproductive strategy of 
bulbils, rhizomes and seeds in its habitat of temperate to subtropical monsoon rain 
forest. It produces showy tubular flowers in summer and is able to set seed if pollinators 
are available (Chapter 6). The family Gesneriaceae, to which Titanotrichum oldhamii 
belongs, exhibits a wide range of morphological variation (Jong and Bum 1975; Möller 
and Cronk 2001). A variable meristem behaviour is well known in vegetative parts of 
Gesneriaceae (Burtt 1970; Tsukaya 1997; Imaichi et al. 2000), but variable floral 
meristem behavior is unusual. However, in late season, inflorescence-bome bulbils 
replace all the floral meristems at the top of the racemes, forming hundreds of bulbil 
clusters for vegetative reproduction (Chapter 3). 
In Titanotrichum, the division between bulbil propagation and sexual reproduction 
appears to vary between populations possibly due to environmental factors. Some 
populations set more seeds than others, suggesting that the availability of pollinators 
between populations may differ (Wang, personal observation). In general however, seed 
set in Titanotrichum is rare, as can be observed in the wild and from herbarium material. 
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This suggests that bulbil propagation in Titanotrichum is the major mode of 
reproduction in the wild. However, the plant still produces functional flowers, and 
pollination experiments in Titanotrichum have shown that artificial pollination can 
readily produce seeds (Chapter 6). 
Low genetic diversity might be expected in bulbiliferous and clonal plants. 
Surprisingly, many studies have revealed that relatively high genetic variation occurs in 
clonal plants (Ellstrand and Roose 1987, Hamrick and Godt 1990, Widen et al. 1994). 
This is thought to be due to occasional seedling recruitment from sexual reproduction 
and bulbils or migration between populations (e.g. Saxfraga  cernua, Gabrielsen and 
Brochmann 1998; Poa alpina, Nordal and Iversen 1993; Carex sp., Stenström et al. 
2001). It is therefore possible for clonal plants to maintain genetic variation almost to 
the same level as outcrossing species (Eriksson and Bremer 1993; Gabrielsen and 
Brochmann 1998). However, most studies suggesting this come from plants with wide 
distributions in arctic regions. 
Eriksson (1993) has described the effect of seedling recruitment as a perturbation of 
Kays and Harper's (1974) theoretical model of the development of clonal populations. 
He demonstrated that the number of genets (seedlings) did not decline continuously and 
the numbers of ramets ropagules) did not multiply greatly once a population was 
established. New sexual recruitment resets the genetlramet ratio and the ratio can be 
sustained over many generations, thus producing diversity in clonal populations, 
provided that competitive exclusion by established genets is weak. Furthermore, mixed 
reproduction could have a selective advantage in variable environments, and facilitate 
migration and spread (Arizaga and Ezcurra 1995). Examples such as Carex spp., 
Populus tremuloides, A ilium vineale, Rubus saxatilis and Taraxacum spp. have been 
reported as occupying wider distributions than their sexual relatives (Eriksson and 
Bremer 1993; Ceplitis 2001; Stenström et al. 2001; van der Hulst et al. 2000). 
Moreover, many clonal populations appear to have recolonised previously glaciated 
areas more easily from refuges after Pleistocene glaciations (Jelinski and Cheliak 1992). 
Quaternary glaciation could thus be a major driver in promoting asexual reproduction, 
and the proportion of asexual propagules within populations often increases under cold 
conditions unfavourable to sexual reproduction (Youngner 1960). Whether or not these 
observations apply to Titanotrichum and other tropical clonal plants is the subject of this 
investigation. 
Titanotrichum oldhamii grows in shady habitats along creeks, particularly on wet, 
dripping cliffs. This favours water-mediated dispersal by fragments of rhizomes, 
bulbils, and rarely seeds or leaf pieces (which can root and produce plantlets, Wang, 
pers. obs.). From field and greenhouse observations, it is evident that it can regenerate 
from its tiny bulbils into 10cm high plants in two months. However, Titanotrichum is 
not common in the wild and continues to decline (Flora of Japan and China, Walker 
1976; Wang et al. 1998). It has a scattered distribution in Taiwan, adjacent areas of 
China and the south Ryukyu islands of Japan. Populations are often small and isolated 
and population bottlenecks are likely to occur. Small plant populations (N<100) can 
suffer from genetic drift and inbreeding depression as a consequence of decreasing 
genetic diversity (Ellstrand and Elam 1993). Moreover, insufficient gene flow between 
and within populations due to fragmentation may affect its fitness to adapt to current 
and future environmental changes. 
Dominant molecular markers like RAPDs (random amplified polymorphic DNAs; 
Williams et al. 1990), inter-SSRs (inter-simple sequence repeats) and AFLPs (amplified 
fragment length polymorphism) have been widely used as tools for measuring genetic 
diversity and population structure. However dominant markers do not distinguish 
homozygotes from allelic heterozygotes, thus the genetic diversity measures can be 
biased. To compensate for this possible bias, Lynch and Milligan (1994) modified Nei's 
heterozygosity index by sample size correction on fragment frequency to reduce the 
bias. They also suggested including only bands of an observed frequency of less than 1-
3/N for analysis, where N is the total number of characters. Several papers have 
critically reviewed the use of dominant markers in comparison to codominant markers 
(Bartish et al. 1999; Isabel et al. 1999; Nybom and Bartish 2000). These suggest that, 
taking into account the considerations above, diversity indices calculated from dominant 
markers like RAPD and inter-S SR may be as accurate as codominant markers such as 
isozymes (Isabel et al. 1995), especially for intraspecific comparison (Jenczewski et al. 
1997). Furthermore, given the potentially huge numbers of amplified fragments 
available from RAPDs, the technique is readily suited to the study of population 
geographical differentiation (Diaz et al. 1999). The potentially greater resolution for 
populations discrimination provided by RAPD data is also useful for conservation 
planning (Dawson et al. 1995). 
The reproducibility of RAPD data has been debated in several papers (Harris 1999; 
Wolff and Morgan-Richards 1999). Nonetheless, by scoring data conservatively only 
counting bright and reproducible bands, ambiguous resolution can be reduced. Recent 
findings also indicate that RAPD reproducibility can be improved by increasing primer 
concentration (Caetano-Anollés 2001). 
Here I use both inter-SSR and RAPD markers to explore the genetic structure of 
Titanotrichum, as these markers require no prior genomic information. The ready 
availability of data and the ease of use make them highly suitable for surveying 
endangered species of clonal reproduction (e.g. Stiller and Denton 1995; Hollingsworth 
and Bailey 2000). Inter-SSR markers require high PCR annealing temperatures and 
consequently have good reproducibility. Although the assumptions of RAPD analysis 
are slightly different from those of inter-SSR analysis, recent studies suggest results 
from these two data types are consistent with each other (Hollingsworth et al. 1998). 
The primary aim of this study is to investigate clonal diversity at different levels in 
Titanotrichum oldhamii (within and between populations), and to link these patterns to 
geographical distribution. A detailed field survey and assessment of genetic diversity 
has therefore been carried out using RAPDs and interSSRs to underpin its future 
conservation. The results presented here may also be suggestive of general patterns and 
process in the history and origin of the Taiwan flora. 
5.2 Materials and methods 
91 
5.2.1 Field survey 
As no detailed field survey of Titanotrichum had previously been carried out, 
information from herbarium specimen sheets, regional floras and local botanists was 
assembled prior to two extensive field trips. During the summer of 1999 and 2000, 27 
natural populations of Titanotrichum oldhamii in Taiwan, China and the Ryukyu Islands 
of Japan were located and investigated. In the field, the phenology of each population, 
population size, associated species, vegetation type and possible pollinators were 
recorded and identified. The geographical location of each population is summarized in 
Table 5.1 and Figure 5.1. 
5.2.2 Collection of plant material and cienomic DNA extraction 
To assess the genetic diversity of Titanotrichum, DNA material for RAPDs and inter-
SSRs were collected during the field survey. Leaf samples from up to 20 randomly-
chosen individuals per population were collected, but in southern Taiwan and the 
Ryukyu islands, only between 5 to 10 individuals were sampled, reflecting the small 
size of these populations. For each individual, two medium-sized healthy leaves were 
chosen and dried rapidly in a sealed plastic bag using a 20 times greater volume or more 
of silica gel. The leaf tissue was then stored at ambient temperature until DNA 
extraction. In addition, living plants, as well as bulbils and seeds, were brought back to 
the Royal Botanic Garden Edinburgh (RBGE) for pollination experiments and progeny 
analysis. Voucher specimens were deposited in the herbarium of the Royal Botanic 
Garden Edinburgh (E). 
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Table 5.1 Locations of all populations of Titanotrichum oldhamii in this study. 
Population 
code Country Locality Latitude Longitude 
A China Fujien (Northen): Nanping N 26.38 E 118.10 
B Fujien (Southern): Yungchun N 25.19 E 118.17 
C Fujien (SW): Niumuling N 24.31 E 117.21 
D Taiwan Taipei: Huangtitian N 24.59 E 121.40 
E (Northern) Taipei: Wulai N 24.52 E 121.33 
F Taipei: Juansi waterfall N 25.10 E 121.33 
G Taipei: Datun waterfall N 25.09 E 121.32 
H Taiwan Taoyuan: Ronhua N 24.48 E 121.20 
(North-central) Taoyuan: Paling N 24.43 E 121.22 
j Taoyuan:Tawan N 24.36 E121.19 
K Taoyuan: Manueuan waterfall 	24.43 E 121.25 
L Taoyuan: Peichatien shan N 24.42 E 121.27 
M Taiwan Hualien: Tairoko N 24.09 E 121.37 
N (Eastern) Hualien: Chinsui shan N 24.12 E 121.39 
0 
1 - 
Hualien: Hoping logging trail N 24.17 E 121.41 
P Tai Hualien: Leewu chi N 24.10 E 121.33 
Q (Central) Huanlien: Shi-Pao N 24.11 E 121.29 
R 'I  Taichung: Pahsien shan N 24.10 E 121.01 
S Taiwan Kaohsiung: Shou shan N 22.39 E 120.15 
T (Southern) Pingtung: Chuyun shan N 23.04 E 120.45 
U Taitung: Patunkuan trail N 23.21 E 121.11 
V Taitung: Tienlung waterfall N 23.13 E 120.59 
W Taitung:Luye N22.55 E121.08 
X Japan Irimote (Eastern): Funawula N 24.20 E 123.46 
Y I1 Irimote (Western): Urauchi N 24.23 E 123.51 
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FIGURE 5.1 Map of East Asia showing the distribution of Titanotrichum oldhamii 
(circle). Twenty-five populations analysed are plotted in the top left inset. Dashed lines 
indicate the hypothetical coast line during the Pleistocene glacial maximum. (After Ota, 
1998 and Heaney, 1986). 
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Genomic DNA was extracted using a modified CTAB based protocol (Doyle and 
Doyle 1987). Isolated DNA was quantified by electrophoresis on a 1% agarose gel 
along with a 1kb DNA molecular weight marker (NEB biolabs) as a standard. The DNA 
concentration was adjusted to 1 ng!il for all samples. This quantification is essential as 
different amounts of starting template may cause template competition in PCR 
amplification of RAPD and inter-SSR analysis (Halidén et al. 1996). 
5.2.3 Primer selection and PCR conditions 
One hundred lO-mer RAPD primers (Operon Technologies) and thirty Inter- SSR 
primers (University of British Columbia) were screened for performance and allelic 
polymorphism among populations. Only eight RAPD primers and three inter-SSR 
primers showed the required polymorphism, suggesting low levels of genetic diversity 
within Titanotrichum oldhamii. The primer sequences are listed in Table 5.2. 
The PCR conditions for RAPD and inter-SSR followed Hollingsworth et al. (1998). 
For RAPD, 5-10 ng template DNA was incorporated in 15p.1 reactions, containing 
0.5tM primer, 100tM each dNTPs (Roche, USA), 2.5mM M902, and 0.5U Taq 
polymerase (Bioline, UK) and 1X Taq buffer [16mM (NIT4)2 SO4, 67mM Tris-HCI (pH 
8.8), 0.01% Tween20]. The PCR amplification profile was as follows: 2 min at 95°C, 
two cycles of 30s at 95°C, 1 min at 37°C, 2 min at 72°C, and two cycles of 30s at 95°C, 
1 min at 35°C, 2 min at 72°C, followed by 41 cycles of 30s at 94°C, 1 min at 35 °C, 2 
min at 72°C, then a final extension at 72 °C for 5 minutes. 
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Table 5.2 Sequence of primers used in this analysis and number of loci detected 
with these eleven primers for populations of Titanotrichum oldhamii 
analysed 
Primer Sequence 5 to 3 	 Amplified loci (% of polymorphism) 
OPA-12 TCGGCGATAG 17 (0.59) 
OPA-15 TTCCGAACCC 10 (0.90) 
OPA-16 AGCCAGCGAA 11 (0.73) 
OPA-19 CAAACGTCGG 15 (0.80) 
OPF-6 GGGAATTCGG 17 (0.88) 
OPF-7 CCGATATCCC 12 (0.25) 
OPF-12 ACGGTACCAG 18 (0.70) 
OPP-5 CCCCGGTAAC 18 (0.94) 
SSR-818 CACACACACACACACAG 14 (1) 
SSR-835 AGAGAGAGAGAGAGAGYA 5 (1) 
SSR-846 CACACACACACACACART 16 (0.81) 
Total loci found (total polymorphism) 	153 	 (0.77) 
For inter-SSR analysis, PCR reactions were carried out as above except using 0.2j.tM 
primer. The PCR conditions for inter-SSR were more stringent because the primers are 
longer: 95°C for 3 mm, then 40 cycles of 20s at 93°C, 1 min at 55°C, 20s at 72°C, with 
a final 6 min extension at 72°C. 
All reactions of RAPD and inter-SSR were performed with a Perkin-Elmer 
GeneAmp 9600 Thermal Cycler or a DNA engine (Peltier Thermal Cycler PTC-lOO). 
PCR products were separated on 1.6% agarose gels in lx TBE buffer with medium 
field strength (voltage/gel length (cm) ratio equal to 4, i.e. 20 Volt on 80cm gel) and 
visualized under UV after ethidium bromide staining (0. lug/ml). Negative controls (no 
template DNA) were also included in each PCR. To ensure RAPD reproducibility, most 
PCR reactions were repeated for reliability in data scoring. 
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5.2.4 Data analysis 
RAPD and inter-S SR amplified DNA bands were scored conservatively, and to avoid 
co-migrating band errors, only positions of bright bands sharing similar intensity, 
fragment size above 0.4kb and exact position were scored for presence! absence (1/0). A 
pair-wise distance matrix (D1= 1-J) based on RAPD and inter-S SR data, using 
Jaccard's similarity coefficient: J= S//T/, where S is the total number of shared bands 
and T is the total number of bands between the ith and jth individuals (Sneath and Sokal 
1973), was generated. The computer package R (Legendre and Vaudor 1991) and the 
statistical program NT-SYS (Rohlf 1996) were used to perform a principal co-ordinate 
analysis (PCO). The same distance matrix was imported to the program package 
Arlequin (Schneider et al. 2000) for AMOVA (analysis of molecular variance; 
Excoffier et al. 1992), to analyze the population structure within and among populations 
(percentage of variance, Phi). For diversity measurement, three indices were used to 
estimate genetic diversity within and between populations. These are Nei's 
heterozygosity index (H) (Nei 1978), Shannon's index (5) and Simpson's index (D). 
Nei's unbiased heterozygosity index was calculated using TFPGA (Tools for population 
genetic analysis) (Miller 1997) based on the locus by locus statistics from Lynch and 
Milligan (1994). Shannon's index of diversity was computed using POPGENE (Yeh et 
al. 1999) using the formula corrected for binary RAPD and inter-SSR data: S= - 
Ep1logp, where p'  is the frequency of presence of each RAPD or inter-SSR band to 
provide an estimate of degree of variation within each population. Although Shannon's 
index provides less genetic information than other diversity indices, it is however less 
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biased simply because it does not rely on a Hardy-Weinberg equilibrium (Chalmers et 
al. 1992). Many recent studies favour this index for comparison across different species 
(Bussell 1999; Allnutt et al. 2001). For comparison with other studies on clonal species, 
the proportion (GIN) of genets (G) in the total population (N) and the unbiased 
Simpson's index of diversity (D) were also calculated, using the formula: D= 1- [n,(n,-
1)]/[N(N-1)], where n i is the number of individuals with RAPD and inter-SSR genotype 
in clone i, and N is the sample size. Finally a IJPGMA tree connecting 25 populations 
was constructed to interpret population relationships. To test the possible correlation 
between geographic distance and genetic distance, a Mantel test provided by the R 
package was used. 
5.3 Results 
5.3.1 Field observations 
In this survey, 25 natural populations of Titanotrichum oldhamii were investigated 
(20 from Taiwan, three from China and two from Japan). Usually, Titanotrichum can be 
found around the headwaters of streams under subtropical broad-leaved rain forest 
dominated by Fagaceae and Lauraceae. It is often associated with other herbaceous 
plants such as Rhynchotechum and Begonia species but has a far more restricted 
distribution. Titanotrichum favors habitats such as wet limestone areas where roots are 
semi-exposed to dripping water. This habitat type has been affected by habitat change 
and human disturbance, although some populations in Taiwan and Japan grow within 
the protection of national parks. Most populations of Titanotrichum are small, scattered 
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and isolated from each other. Seed set was only observed in medium to large 
populations (more than 25 individuals) in open habitats. Pollinators like bumblebees are 
more frequent visitors to these populations than to those in dense shade. It was also 
observed that many individuals remained in a vegetative phase during the flowering 
season. This is especially true for individuals growing in dense shade, where they 
seldom reach the reproductive phase before the above ground parts die at the end of the 
flowering season, while the rhizome perennates. 
5.3.2 Population differentiation from combined RAPD and inter-SSR data 
A total of 118 reproducible bands were amplified from 8 RAPD primers and 35 
bands from 3 inter-S SR primers. Similar conclusions were drawn from each data set 
independently and therefore data were combined to further explore my findings. In the 
combined data set of 153 RAPD and inter-SSR amplified "loci", 119 bands (77.78%) 
were polymorphic (Table 5.2). 207 RAPD and inter-SSR banding phenotypes were 
identified from 283 individuals. Individuals that shared the same phenotypes were only 
found within populations and not between populations. One small population 
("Urauchi" from Japan) consisted entirely of individuals sharing the same banding 
phenotype (Table 5.3). 
5.3.3 PCO analysis 
The first three coordinates of the PCO analysis for all genotypes describe 15.2%, 
8.4% and 8.2% of the total variance (31.8% cumulative). Individuals from China, 
southern Taiwan and eastern Taiwan formed three distinctive groups, while populations 
Table 5.3. Diversity measures of 25 populations of Titanotrichum oldhamii in this study 
N denotes sample size; GIN = numbers of genets I numbers of individuals; D = Simpson's indices 
H = Nel's diversity index; S = Shannon's index and P % is percentage of RAPD + interSSR band polymorpt 
PODS Locality 	 N 	GIN 	Simpson's D Nei's H Shannon's S 	P % 
A 	Nanping 20 0.85 0.88 0.04 0.06 13.73 
B 	Yungchun 9 0.56 0.86 0.04 0.05 11.11 
C 	Niumuling 8 0.75 0.93 0.08 0.12 24.18 
China samples over all loci 0.89 0.11 0.16 30.72 
D 	Huangtitian 11 0.82 0.89 0.03 - 	 0.05 8.5 
E 	Wulai 17 0.59 0.95 0.17 0.26 50.98 
F 	Juansi waterfall 14 0.86 0.98 0.05 0.07 12.42 
G 	Datun waterfall 13 0.77 0.96 0.09 0.14 24.18 
northern Taiwan samples overall loci 0.96 0.18 0.29 54.90 
H 	Ronhua 9 0.67 0.92 0.09 0.12 23.53 
I Paling 8 0.75 0.93 0.07 0.11 22.88 
J 	Tawan 14 0.64 0.95 0.14 0.20 37.91 
K 	Manueuan waterfall 17 0.76 0.97 0.12 0.17 33.99 
L 	Peichatien shan 9 0.78 0.94 0.09 0.13 26.14 
north-central Taiwan samples over all loci 0.94 0.17 0.26 49.67 
M 	Tairoko 20 0.85 0.90 0.06 0.10 21.57 
N 	Chinsui shan 9 0.89 0.93 0.06 0.09 20.92 
0 	Hoping logging trail 19 0.84 0.98 0.05 0.08 18.95 
eastern Taiwan samples over all loci 0.94 0.11 0.17 33.33 
P 	Leewu chi 10 0.70 0.93 0.03 0.05 11.11 
Q 	Shi-Pao 9 0.89 0.97 0.03 0.05 13.73 
R 	Pahsien shan 4 0.75 0.83 0.01 0.02 3.92 
central Taiwan samples over all loci 0.90 0.11 0.13 22.22 
S 	Shou shan 11 0.64 0.93 0.02 0.03 7.19 
I 	Chuyun shan 5 0.60 0.70 0.01 0.01 3.27 
U 	Patunkuan trail 16 0.63 0.95 0.04 0.07 15.03 
V 	Tienlung waterfall 12 0.58 0.92 0.04 0.06 12.42 
W 	Luye 5 0.60 0.80 0.02 0.02 5.23 
southern Taiwan samples over all loci 0.85 0.10 0.16 33.33 
X 	Funawula 9 0.63 0.87 0.02 0.03 7.84 
Y 	Urauchi 5 0.20 0.00 0 0 0 
Japan samples over all loci 0.44 0.08 0.13 21.57 






FIGURE 5.2 Three-dimensional representation of a principal coordinate 
analysis of the genetic relationships among 283 individuals (207 genotypes) 
of Titanotrichum oldhamii, inferred from a distance matrix using the 
Jaccard index. Arrows indicate individuals in two Japanese populations. 
Scattered dots without grouping identifies individuals in "north-central" Taiwan. 
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from northern and "north-central" Taiwan and Japan showed some degree of overlap 
(Fig. 5.2). Generally, Taiwanese populations covered most of the PCO space. Chinese 
populations were closest to northern Taiwan populations. The former grouped in two 
clusters: North Fujien Province versus South and West Fujien, but the two groups are 
placed together at one end of the PCO space (Fig. 5.2). The two Japanese populations 
exhibited considerable differences, despite their close proximity on the small island of 
Iriomote (arrow indicated in Fig. 5.2). From the UPGMA tree, considerable genetic 
differences can also be seen between populations in northern and north-central Taiwan 
(Fig. 5.3). Populations "Manueuan waterfall" (K) and "Peichatien shan" (L) which are 
situated at different altitudes on Peichatien mountain, were more dissimilar than north 
(A) and south Fujien (China) populations (B and C) in China (Fig. 5.3). Fujien province 
is about the same size as Taiwan. 
5.3.4 Composition of genetic variation 
The partitioning of the genetic variation was further examined by analysis of 
molecular variance (AMOVA). The majority of variation was found between 
populations, with genetic differences among geographic regions (Taiwan, China and 
Japan) less marked (14.5%, Table 5.4). Half of the variation (50.0%) was found 
between all populations regardless of their geographic locations (P<0.001, Table 5.4). 
It is also notable that 35.6% of the variance occurred within populations. 
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FIGURE 5.3 UPGMA phylogram constructed using pairwise Jaccard distances based 
on combined RAPD and interSSR data among Titanotri chum oldha,nii populations from 
Taiwan. China and Japan. 
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Nei's unbiased index of gene diversity (H), Shannon's diversity index (5) and 
Simpson diversity index (D) all indicated that populations in northern Taiwan (H=0. 18, 
S0.29 and D 0.96) and north-central Taiwan (11=0.17, S=0.26 and D=0.97) were most 
diverse. This is confirmed by the percentages of RAPD and inter-SSR band 
polymorphisms (Table 5.4). Populations in Japan, China, central and southern Taiwan 
are comparatively low in diversity, i.e. their H values are below 0. 11, S below 0.17 and 
the percentage of polymorphic bands is below 33.33% (Table 5.4). The overall diversity 
for Titanotrichum was not high (H  0.197, S' =0.314) but was highcr than expected for 
a clonal plant. 
The Mantel test showed no significant correlation between genetic and geographic 
distance (r=0.417, p=0.02). 
Table 5.4 Summary of analysis of molecular variance (AMOVA) at different hierarchichal levels for 
283 Titanotrichum oldhamii inidviduals, based on combined RAPID and inter SSR data. 
Variance components Fixation index 
Source of variation Absolute % df Phi p-value 
Among Taiwan, China & Japan 0.028 14.5 2 0.14 p<0.001 
Between populations within Taiwan, China & Japan 0.096 50 22 0.64 p<0.001 
Within all populations of Titanotrichum oldhamii 0.069 35.6 258 0.58 p<O.00l 
Among northern, central, eastern & southern Taiwan 0.028 15.91 4 0.16 p<0.001 
Between populations within Taiwan 0.074 42.16 15 0.58 p<0.001 
Within all populations in Taiwan 0.074 41.93 212 0.50 p<0.001 
Among north & south Fujien, China 0.024 17.87 1 0.18 p<0.001 
Between populations within China 0.057 41.53 1 0.59 p<0.001 
Within all populations in China 0.055 40.61 34 0.51 p<0.001 
Between populations within Iriomote, Japan 	 0.135 	87.24 	1 	0.87 	pcz0.005 
Within all populations in Iriomote, Japan 	 0.02 12.76 12 n/a 
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5.4 Discussion 
5.4.1 Analysis of genetic variation using dominant markers 
One criticism of RAPDs is that they are prone to PCR artifacts. During DNA 
amplification, nested primer annealing and intrastrand interactions at first few PCR 
cycles could accumulate a significant amount of rearranged DNA PCR products 
(Rabouam et al. 1999; Caetano-Anollés 2001). Using interSSR data in parallel to 
RAPDs seems to be a good way for testing the reliability of RAPD data. My results 
showed that the banding patterns obtained from interSSR primers are congruent with the 
results obtained from my RAPDs data, therefore I assume that RAPD artifacts in my 
data are not marked. The first two cycles of my RAPD profile used a higher annealing 
temperature (37 °C) than the remaining cycles, to eliminate false amplification. I also 
excluded fragments shorter than 400 base pairs (bp), as short fragments are 
preferentially falsely amplified in PCR. 
Co-migration is another potential problem in RAPD and InterSSR analysis. 
However, for intraspecific comparison (as in my study), the co-migration error is likely 
to be low (Wu et al. 1999; Nybom and Bartish 2000). Several studies have used 
techniques such as southern blot and restriction digestion for checking RAPD band 
homology, and come to the conclusion that more than 91% of RAPD bands are 
homologous, especially within species (Rieseberg 1996; Wu et al. 1999). Although I did 
not check my RAPD band homology, due to the large data set, I have no evidence that 
my results are biased. 
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For rare or endangered species, a small sample size is unavoidable. This could lead 
to a significant bias in the population genetic estimates (Fischer et al. 2000). However, 
simulation results show that a sample size of 10 to 15 individuals is adequate for largely 
unbiased results (Isabel et al. 1999). I included 10-20 individuals from each population 
in my analysis unless the population size was less than 10. 
5.4.2 Population structure and genetic diversity 
The clustering of the 27 Titanotrichum populations suggests that the Chinese 
populations, populations in Eastern Taiwan and populations from Southern Taiwan 
form three distinct groups (Fig. 5.2). In contrast, individuals from north central Taiwan 
are scattered across the PCO space and partly overlap with these three groups. The two 
Japanese populations were quite different from each other, one with affinity to north-
central Taiwan populations and the other to central and southern Taiwan populations 
(Fig. 5.2). It is tempting to speculate that these results represent at least two independent 
migration events from Taiwan to the tiny island, Iriomote. 
The AMOVA showed that the majority of the genetic variation was between 
populations rather than within populations or among geographic regions (Table 5.4). 
Genetic distances among all the populations, as indicated in the UPGMA tree (Fig. 5.3), 
were similar, with little correlation with geographic distance, possibly suggesting that 
the populations represent fragments from a wider distribution in the past. In no case was 
the same clonal genotype found between populations although they were sometimes 
observed within populations. 
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The populations in southern Taiwan and Japan were small and relatively clonal (i.e. 
G/N< 0.63 in Table 5.3), which could be due in part to a founder effect at the edge of 
the range. On the other hand, populations in northern and north Taiwan are quite diverse 
(Table 5.3 & Fig. 5.2-5.3). Field observation and the diversity measures indicate that 
these populations may have a higher level of sexual reproduction (or a lower 
recruitment from bulbils). Considerable seed set, a high proportion of sexually mature 
individuals and pollinator visits were recorded in populations of northern and north-
central Taiwan (Wang, personal observation). These factors probably contribute to their 
higher diversity index than populations in China, Japan and south (H=0. 17-0.18, 
S0.26-0.29; Table 5.3). The relatively high estimate given by the Simpson diversity 
index (D=0.933) compared to Nei and Shannon's indices (0.192 & 0.314) indicates that 
this index might have a bias from sample size compared to other indices. 
5.4.3 Population differentiation in relation to paleoceoqrahy and -glaciation 
Species history and former distribution can have a major affect on population genetic 
differentiation. In Titanotrichum, I found the genetic distance among populations did 
not fully correlate with the geographic distance between Taiwan, China and the Ryukyu 
islands. The lack of congruence suggests that there is no simple "isolation by distance" 
explanation for the population differentiation. Other factors, such as sea-level changes 
at the glacial maximum, are likely to be involved in structuring the populations as the 
local flora (SE China-Taiwan-Ryukyu) was greatly affected by Quaternary glacial 
periods (1.6 Myrs to present) (Sheng 1995). The four most recent glaciations apparently 
facilitated a huge amount of lowland (altitude below 1,000m) species redistribution and 
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migration between China, Taiwan and south Ryukyu (Sheng 1995). Wang and Zhang 
(1994) note that 30 to 40% of the extant flora of Taiwan is shared with SE China, 
emphasizing the importance of the land bridge. Similarly, a common Ryukyu-Taiwan-
SE China fauna is also evident from reptile and amphibian assemblages (Ota 1998). The 
depth of the sea between Taiwan, Mainland China and Ryukyu islands (the Taiwan 
Strait) is about 100 meters on average, and during a glacial maximum, the sea level is 
likely to be 120 to 140 meters lower, thus connecting the islands to the mainland (Zeng 
1993). Taiwan has long been thought to be a refugium for the SE Chinese flora as it 
contains a variety of habitats. 
It should also be noted that the north and central Taiwan strait is shallower (only 40 
meters deep) but the south Taiwan strait is deeper, up to 400 meters. Therefore any land 
bridge was likely to have first formed between north central Taiwan, the southern 
Ryukyu islands and China (Zhen 1993). 
This is consistent with my finding that north and central Taiwan appears to be the 
centre of Titanotrichum's genetic diversity, possibly because a Pleistocene land bridge 
formed here between China and Ryukyu (Fig. 5.4). The extreme rarity of Titanotrichum 
in SE China may be due to extinction during glacial periods and human activity, as SE 
China is highly populated. This is evident in my UPGMA analysis as the Chinese 
samples are not as deeply separated as those in northern Taiwan (Fig. 5.3). It is even 







FIGURE 5.4 The simplified relationship among populations of Titanotrichuin oldha,nu 
in different geographic regions according to the clustering result. Arrows indicate the 
hypothesized directions of migration at the glacial maximum. Dashed line indicate the 
paleo coastline during a glacial maximum. 
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5.4.4 Diversity measures in mixed reproduction plants 
The diversity measures in Titanotrichum indicate considerable total variation 
(H=0.191, S', = 0.314 and D=0.933). This is similar to other findings for mixed-
reproduction plants which indicates that their diversity is comparable to that of 
outcrossing plants (Hamrick and Godt 1996, Nybom and Bartish 2000). From separate 
pollination experiments conducted both in the field and greenhouse, I have shown that 
Titanotrichum benefits from outbreeding, as outcrossing between populations results in 
significantly higher seed set (Chapter 6). Thus, it is likely that sexual outcrossing still 
plays an important role in maintaining genetic diversity of Titanotrichum. However, in 
Titanotrichum most of the variation was found between all populations (65% of 
AIVIOVA) rather than within 35% (Table 5.4). Therefore, it is possible that sexual 
reproduction has mainly happened in the past whilst vegetative reproduction via bulbils 
has become increasingly dominant within their isolated habitat. The small population 
sizes and scattered distribution indicate the gene flow between populations is infrequent 
or even absent altogether. The high estimate of Phi st in Titanotrichum oldhamii perhaps 
indicates genetic drift (Table 5.5), as has been reported from Allium vineale (Ceplitis 
2001). 
The continuing isolation of populations and limited mating could lead to the loss of 
sexual reproduction. A study of the clonal plant Decodon verticillatus indicates that 
complex traits like sex can be degraded by mutation when they no longer increase 
fitness (Eckert et al. 1999). A pilot study on fertility in individuals from different 
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populations of Titanotrichum oldhamii also found different levels of fertility among 
individuals and populations (chapter 6). 
Mixed-reproduction bulbiliferous plants seem to have higher genetic variation than 
obligate apomicts due to the contribution of more frequent sexual reproduction (Table 
5.5, but also see Diggle et al. 1998). Although several papers have attempted to 
summarize the diversity measures of clonal plant species, general conclusions are 
extremely difficult to draw because of different sample strategies and variation in plant 
life history (Table 5.5; but also see Elistrand and Roose 1987, Diggle et al. 1998, Widen 
et al. 1994). Some species show high levels of clonal diversity, i.e. Populus 
tremuloides, (Jelinski and Cheliak 1992; Yeh et al. 1995), while others show low levels, 
i.e. Swcfraga  cernua (Bauert et al. 1998). 
One general phenomenon in clonal species and particularly in bulbiliferous plants, is 
polyploidy (Table 5.6). Titanotrichum has a high chromosome number (2n= 40) for the 
Gesneriaceae. Duplicated chromosomes buffer polyploids from somatic point 
mutations, deletions and translocations. Polyploidy may also arise from natural 
hybridization which facilitates fixed heterozygosity (Stebbins 1984). It is possible that 
polyploid clonal plants contain high amount of marker polymorphism, compared to 
diploid species, simply because of their large genome size and hybrid origin. 
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Table 5.5 Genetic diversity measures for mix-mating bulbiliferous and other clonal plants with similar population 
history. 
All the olants in this table have been affected, to a greater or lesser extent, by Pleistocene glaciation 
Genetic diversity measures 	Fixation index 
Simpson 	 Shannon 
D GIN 	S'sp 	Amova Phist data type Pops.IN Sample range 
Bulbliferous 
Poa alpina 1 0.91 Isozyme 1/263 <2km 
Saxifraga cernua 2 0.52 	0.16 RAPD 2/196 <20km 
Alilum vineale3 0.69-0.78 RAPD 14/212 > 500 km 
Polygonum viviparum 4 0.67 Isozyme 3/150 3m - 1km 
Titanotrichum oldhamie 0.93 	0.73 	0.31 	0.58-0.64 RAPD/SSR 25/283 1 - 600km 
Root borne shoot Woody 
Populus tremuloides6 0.99 0.65 RAPID 8/249 	<100km 
Rubus saxatilis7 0.85 0.42 RAPID 2/44 <2.5km 
Rhizomatic 
Ranunculus reptans8 0.73 	0.25-26 RAPD 17/127 	0.1 - 10km 
Viola riviniana9 0.999 0.93 0.41 RAPID 6/84 0.2 - 50km 
Mean simpson's index for clonal plants 
Ellstrand & Roose (1987) D=0.62 Isozyme data from 17 species 
Widen et al. (1994) D0.75 G/N0.3 Isozyme data from 35 species 
Diggle et al. (1998) D=0.69 Isozyme data from 20 species 
1 Nordal and Iverson (1993); 2 Gabrielsen & Brochmann (1998); 3 Ceplitis (2001); 4 Diggle et aL (1998); 5 This chapter; 
6 Yeh et al. (1995); 7 Eriksson & Bremer (1993); 8 Fischer e/ al, (2000); 9 Auge et al. (2001) 
Table 5.6 Some bulbiliferous plants and their karyotype 
bulbliferous species 	 family 	 distribution 	 ploidy level 
Ranunculus ficaria var. bulbifera Ranunculaceae Arctic Tetraploidy, 2n=32, 
Polygonum viviparum Polygonaceae Arctic Octaploidy: 2n=96 
Saxifraga cernua Saxifragaceae Arctic Hexaploidy to Diploidy: 2n=72,24 
Cardamine bulbifera Cruciferae Arctic Tetraploidy, 2n=96 
Mimulus gemmiparus Scrophulariaceae Arctic Natural hybrid origin 
Allium vineale Liliaceae Arctic Tetraploidy: 2n=32, 
Festuca vivipara Gramineae Arctic Tetra to octoploidy, 2n=28,56 
Poa alpina Gramineae Arctic Tetraploidy, 2n=32,52 
Titanotrichum oldhamii Gesneriaceae Tropical polyploidy 2n=40, x=10 
Remusatia vivipara Araceae Tropical Triploidy, 2n=42 
Globba spp. Zingiberaceae Tropical Polyploidy to diploidy, 2n=48,32 
data from Index to Plant Chromosome Numbers, the Missouri Botanical Garden 
(http://mobot.mobot.org/W3T/Search/ipcn.html  ) except Mimulus gemmiparus (Moody et at. 1999) 
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5.4.5 Conservation implications 
The genetic differences between populations of Titanotrichum oldhamii are 
significant, which is reflected by its high Phi value. This may be due in part to genetic 
drift in small populations. As Titanotrichum populations undergo year to year 
fluctuations in numbers of mature individuals (populations in southern Taiwan and 
Ryukyu islands have less than 15 mature individuals each population) and there are an 
estimated total of fewer than 10,000 mature individuals, I categorized it as "vulnerable" 
according to IUCN red list criteria (IUCN 2001). Moreover, as further decline is likely 
with increasing human disturbance, it may become endangered in the future. The red list 
of the Japan flora and the flora of China includes Titanotrichum oldhamii as endangered 
(Walker 1976; Wang et al. 1998). 
The Japanese populations and populations in eastern Taiwan are protected as they are 
located within the range of national parks or natural reserves. However, there is no 
protection as yet for the populations in north Taiwan which are the center of diversity. 
These populations are often be found along highways where regular human disturbance 
may cause a significant reduction of population size. Low seed set in the wild, together 
with observations of infrequent visits of non-specialized pollinators, indicated that 
sexual reproduction has been impaired. Despite the numerous bulbils they produce, the 
recruitment rate is low and they are restricted by their limestone habitat requirement. 
Artificial transplanting of individuals in different populations may be advantages to 
promote gene flow, since most populations are so isolated. Monitoring of populations to 
determine the effects of inbreeding depression and genetic drift is advisable in the future 
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(Elistrand and Elam 1993). The results presented in this paper form a baseline from 
which future changes can be monitored. 
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Chapter Six: Sexual failure and reproductive biology of a 
rare bulbiliferous plant in subtropical Asia, Titanotrichum 
oldhamii 
6.0 Charter summary 
Thanotrichum oldhamii produces both flowers and asexual bulbils on its inflorescences. 
However, field observations indicate that seed set is infrequent and that most reproduction 
is from bulbils. I have investigated the sexual reproductive failure and identified four major 
causes. (1) Flowers at the top of inflorescence are prone to seed set failure, especially late 
in the season when inflorescences are converting to bulbil production. These late flowers 
demonstrate poor pollen-tube guidance when approaching the micropyle of ovules in the 
ovary. (2) Thanotrichum generally grows in shady places with very high humidity. In plants 
exposed to sunlight or low humidity in growth chambers, there is visible stigma drying and 
shrinkage, leading to low pollen adhesion and germination. (3) In the wild, pollinator visits 
are rare compared to other plants in the same community. Seed set within populations 
resulting from natural pollination was significantly lower than in my artificial pollinations. 
(4) Certain individuals and populations have an intrinsically low female fitness as these 
plants have low numbers of developed ovules resulting from cross-pollinations in 
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glasshouse experiments. Pollination experiments showed that crosses between populations 
had significantly more seed set, and a higher germination rate than crosses within 
populations and selfings in both field and glasshouse experiments, indicating that 
Titanotrichum oldhamii benefits from outcrossing. Efficient reproduction from asexual 
bulbils may thus have released Titanotrichum from strong selection for efficient sexual 
reproduction. However, occasional seed set observed in the wild may be very important for 
maintaining some genetic diversity in populations. 
Key words: asexual reproduction, vivipary, bulbil, pollen tube guidance, female fertility. 
6.1 Introduction 
Titanotrichum oldhamii is a flowering plant bearing bulbils on its inflorescence at later 
stages in the flowering season. It is a rare endemic to Taiwan, southern Ryukyu and the 
adjacent area of China (Walker 1976; Li and Kao 1998; Wang et al. 1998). Although 
asexual reproduction is dominant, sexual reproduction is still possible, as occasional seed 
set is observed in the field. 
6.1 .1 BuIbil production in Titanotrichum 
In litanotrichum, seed set in the wild is rare although some showy flowers are produced 
(usually over 15 flowers per raceme if grown under indirect sunlight). Bulbil production is 
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dominant in most natural populations (Wang, pers. obs.). In most arctic and temperate 
bulbiliferous plants, there is a significant reduction of fertile flowers and number of flowers 
developed compared to close relatives (Kerner 1895; Diggle et al. 1998). This alone usually 
causes pollination failure simply because too few flowers are developed, unable to attract 
pollinators, and pollinators are limited in those regions. However, a marked reduction of 
flowers is not obvious in Titanotrichum. Furthermore, Titanotrichum oldhamii grows in the 
subtropics where pollinator activity is pronounced. 
Bulbil development of Thanotrichum was studied in Chapter 3. I found that a single 
floral meristem can transform into cluster of c. 60-80 bulbils. In addition, bulbil clusters 
also initiate in the axil of every existing flower late in the flowering season. Unlike other 
bulbiliferous plants (i.e. Polygonum viviparum and Mimulus gemmzparus; Diggle 1997; 
Moody et al. 1999), where usually a single flower is replaced by one bulbil, Titanotrichum 
thus can very effectively produce tens of thousands of bulbils on a single plant. The 
proliferation of asexual bulbil development late in the season may affect sexual 
reproduction through resources competition. 
6.1.2 Genetic variation and asexual reproduction of bulbiliferous plants 
A RAPD and Inter-SSR study of population structure of Titanotrichum found that the 
majority of genetic diversity was distributed between populations (Chapter 5). 65% of band 
polymorphism were found between populations (35% within, Chapter 5). This implies that 
crossing is not effective between populations but is largely within populations. Seed set was 
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high in certain northern Taiwan populations but was extremely rare in those of China and 
Japan (Chapter 5). 
There are only few studies on the reproduction and pollination of bulbiliferous plants, 
and the conclusions drawn were very different. Brochmann and Hapnes (2001) studied the 
pollination of two bulbiliferous plants, Saxfraga  cernua and its bulbiliferous hybrid with 
Saxfraga rivularis, suggesting that these two plants were fully fertile although natural seed 
set has rarely been observed. Crossing and selfing resulted in similar level of seed set but 
the fertility showed extreme variation between populations. A study of Safraga  granulata 
in Denmark revealed that fertility (seed set in each capsule) is positively related to ovule 
numbers although some variations were observed (Hansen and Molau 1994). Selfing 
resulted in similar seed set compared to outcrossing. However, another study in English 
populations showed a high degree of sexual sterility in individuals (Stevens 1988). Many 
species of the tropical bulbiliferous genus Agave were found to be quite sterile and the 
occasional seed set showed very low viability (Arizaga and Ezcurra 2002). 
6.1.3 Cytological observation in Titanotrichum 
In Gesneriaceae, most reports of chromosome counts were made by Ratter 
(Cyrtandroideae) and Lee (Gesnerioideae) during the 1960's (Skog 1984). Interestingly, the 
chromosome numbers ranged extremely among the Old World Gesneriaceae but only 
slightly in New World species (Lee 1962; Ratter 1975). In addition, polypoidy is apparently 
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more common in the Cyrtandroideae and Coronatheroideae than in the Gesnerioideae 
(Skog 1984; Burtt and Wiehier 1995). 
The chromosome count of Titanotrichum oldhamii is 40 (2n40), which is almost four 
times the base number of Gesneriaceae (X=8, 9) (Fussell, 1958; Ratter, 1962). On this 
basis, it may imply the polypoidy status of litanotrichum oldhamii. Given the fact that 
Titanotrichum rarely sets seed and this could also imply that sporogenesis may not be fully 
functional. A pilot study to investigate the pollen meiosis behavior in Titanotrichum has 
been carried out. 
6.1.3 The conservation of Titanotrichum 
Titanotrichum is classified as endangered or vulnerable in the wild (Walker 1976; Wang 
et al. 1998; Chapter 5 of this thesis). It occurs in fragmented populations, and it is important 
for the management of these populations to determine the significance of the low seed-set 
in Titanotrichum. If seed set is crucial for the genetic health of the populations, they could 
be managed with this in mind. The aim of this study is therefore to investigate the low seed 
set of Titanotrichum, with both field and glasshouse observations and experiments. 
6.2 Materials and methods 
6.2.1 Seed set in relation to flower position 
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To examine the effect of bulbil formation on pollination treatments, all flowers in three 
inflorescences of one individual of population Wulai were cross-pollinated with pollen 
from one individual of population Ronhua. Seed set was then determined and correlated to 
the exact flower position in the raceme. - 
6.2.2 Pollen germination and pollen tube growth in the style and ovary 
As some fertilization failure in the field was observed during temporary water stress 
after pollination (stigma dried out in the mid-day sun), I traced pollen tube development in 
the style after cross-pollination in a low-humidity growth chamber (20°C, 85% RH) as a 
comparison to pollinations in controlled glasshouse conditions. Pollen germination and 
pollen tube elongation inside the style and ovary were monitored at 48hrs and 96hrs after 
pollination using a fluorescence microscope (Axioskot, Carl Zeiss Ltd., Herts). 
These flowers were fixed in FAA (1:1:18, 40% formaldehyde: glacial acetic acid: 70% 
ethanol) for 24 hrs and stored in 70% ethanol. Prior to examination, styles were softened in 
8N NaOH for 2-4 hrs then stained with 0.1% aniline blue for not more than 10 minutes 
(Daftui 1992). After staining, excess stain was removed to reduce background staining. The 
styles were then cut in half longitudinally and individually squashed under a cover-slip in a 
drop of 10% glycerol. The slide was then immediately examined under UV light with a 
fluorescence microscope. The exposure time of slides under liv light was kept to a 
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minimum as bleaching effects were observed. I checked three stages of possible 
fertilization failure after pollination: pollen germination on stigma, pollen tube elongation 
in the style and pollen tubes entering ovules. 
To further investigate the possible fertilization failure caused by bulbil development, I 
also compared pollen tube growth in flowers pollinated before and after bulbil initiation. 
6.2.3 SEM studies of pollen tubes inside the ovary 
To document pollen tip growth in the ovary near the ovules, some two-weeks old 
pollinated ovaries of all above experiments were examined by SEM. The SEM procedure, 
sample treatment and equipment used followed Chapter 3. 
6.2.4 Pollinator observations and field exDeriment 
One large population in Yangmingshan National Park, Taipei, northern Taiwan (25° 29' 
N, 121° 32' E) was selected for pollinator observation and pollination experiments during 
the summer of 1999 (June to August). Day length in summer is about 14 hours and it drops 
to 10 hours in winter. The average summer temperature is about 28°C (day) and 20°C 
(night). The study site is near to a waterfall where the relative humidity is constantly 90% 
to 95%. This population is exceptionally large with c. 200 mature individuals and insect 
flower visitors were observed (most other populations of Titanotrichum are small with less 
than 50 individuals, Wang pers. obs.). Individuals of this population were scattered along a 
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creek divided into several patches of clones. Some patches were more or less exposed to 
direct sun whilst others grow in dense shade. Pollinators observed visiting Thanotrichum 
flowers were caught and identified. 
Pollination experiments set up in the field in 1999 were designed to investigate the 
possible breeding strategy of litanotrichum. Six different treatments were investigated 
including: 1) pollen exclusion, 2) selfing with pollen from same flower, 3) geitonogamous 
pollination, 4) natural pollination, 5) crossing within populations and 6) crossing between 
populations. Up to eight flowers in one to two inflorescences were sampled on each 
randomly chosen individual. To avoid the effect of bulbil development on seed set, I chose 
not to pollinate flowers near to the top of the raceme. To investigate possible agamospermy 
(treatment 1), flowers were emasculated then bagged in hand-made nets. For autogamy, 
flowers were bagged without treatment. As dichogamy was observed (three days after 
anther dehiscence, the stigma becomes receptive and curves downward to be temporarily 
close to the anthers), artificial autogamy (treatment 2; selfing within the same flower) was 
also investigated by applying three day old pollen directly onto its stigma then the flower 
was bagged. Artificial selfing with pollen from another flower (treatment 3) within the 
same individual (geitonogamy) was also tested and flowers bagged. Flowers for both within 
and between population crossings (treatments 5 & 6; xenogamy) were first emasculated and 
the pollen applied from individuals nearby or the nearest adjacent population, then bagged 
(population Juan-si waterfall, c. 1 mile west to the study site, Table 6.1). The extent of 
natural pollination (pollinator efficiency) was investigated by collecting capsules from 
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marked flowers (treatment 4) other than my studied individuals at the end of the flowering 
season. Flowering branches were harvested one and a half months after pollination and 
dried at room temperature (ca. 20°C). The number of capsules and seeds per capsule were 
counted. To establish genninability and rate of germination the harvested seeds were 
germinated in petri dishes on filter paper at 22°C and 16 hrs daylength. Germinated seeds 
(radicle emergence) were counted after 14 days (rate of germination) and 30 days (total 
germinability). 
6.2.5 Glasshouse treatments 
A total of 55 individuals from nine natural populations, including samples from my field 
study, were collected and cultivated in the living research collections at RBGE (Table 6.1). 
The mm. temperature was set to 20°C (day) and 18°C (night). As the plant is scarce in the 
wild, my work focused on differences between (1) selfing, (2) within and (3) between 
population crossings of nine populations (Table 6.1). 
Pollen used for all glasshouse pollinations was checked for viability with 0.1% cotton 
blue or 0.1% acetocarmine (Dafni 1992). Normally-formed stained grains were scored as 
viable. As the stigma of Titanotrichum flower is usually down-curved and moistly when it 
became receptive. This was verified in all the pollination treatments. 
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During the summer of 2000, about 320 flowers were pollinated in different treatments 
and most of these were repeated in the summer of 2001. Again, to avoid the effects of 
bulbil development, flowers near to the top of the raceme were excluded from these 
experiments. The capsules were harvested when dehisced. Seed set and germination rate 
Table 6.1 Locality of nine populations of Titanotrichum oldhamii used for glass house and 
field pollination. * indicates the population on which field study was carried out. 
Popu- 
lation 	Country 	Locality 	 Latitude 	Longitude individual studied 
A* (north)Taiwan Taipei: Kuanfu Ic 25.09.00 121 .32.40 	5 
B (north)Taiwan Taipei: Juansi waterfall 25.10.00 121 .33.00 	6 
C (north)Taiwan Taipei: Wulai 24.52.00 121 .33.00 	7 
D (north)Taiwan Taoyuan: Dawan 24.36.00 121.19.00 	6 
E (north)Taiwan Taoyuan: Ronhua 24.48.00 121 .20.00 	7 
F (central)Taiwan Taichung: Pahsien shan 24.10.00 121 .01 .00 	4 
G (south)Taiwan Taitung: Patunkuan trail 23.21 .00 121.11.00 	7 
H (east) Taiwan Hualien: Tairoko 24.09.00 121 .37.00 	9 
I China Fujien (Southern): Yungchun 25.19.00 118.17.00 	4 
55 
analysis followed that of my field study. Because it was suspected that the ovule number 
per ovary varied from population to population, I randomly chose three capsules from three 
individuals within the same population to determine the mean ovule number of each 
population. I used this to calculate the mean ratio of ovules development (mean seed set 
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from inter-population crossing / mean ovule number) between treatments across 
populations. 
6.2.6 Statistical analysis 
Pollination and germination data were analysed in ANOVA to test for significances 
between treatments. The ANOVA test was analyzed through the "VassarStats" package 
(homepage: http://faculty.vassar.edu ). If ANOVA results indicated that results from 
treatments were significantly different, a Tukey HSD test was performed to determine the 
difference. Values presented in tables are means with their standard error (SE) unless 
otherwise stated. 
6.2.7 Meiosis process 
In this pilot study, floral buds of Titanotrichum were collected in the wild, to examine 
the sporogenesis. The meiosis process of pollen mother cells from nine individuals of two 
populations (Kuanfu lo and Juansi waterfall) in Northern Taiwan has been investigated 
(Table 6.1). The floral buds were first fixed in Farmer's 3:1(absolute alcohol: acetic acid) 
fixer, then transfered to 70% alcohol within 48 hrs. When making observations, anthers 
were squashed on slides in aceto-carmine stain. Slides were thereafter permanently 
mounted as voucher specimens deposited in Royal Botanic Garden Edinburgh (E). Detailed 
stain preparation and procedures followed Jone (1997). In order to obtain buds containing 
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suitable meiotic stages, it is necessary to select buds of different sizes for fixing. Therefore, 
collections were made at intervals during the day and continued for several days. 
Experiences revealed that meiosis occurred actively from morning to midday if it is sunny. 
6.3 Results 
6.3.1 Flower position and seed set 
Figure 6.1 shows that seed set resulting from identical crosses varies according to the 
flower position. The average seed set per capsule dropped from ca 500 seeds, to below 100 
at the top of the inflorescence (Fig. 6.1). 
6.3.2 Pollen tube growth in glassshouse and low humidity conditions 
In the field, I observed the stigma dried out in 10 mins in sunlight and this also happened in 
low humidity growth chambers. In cultivation, moving individuals out of the growth 
chamber (RH c. 85%) into the glasshouse (RH> 90%), restored pollination success. In 
controlled glasshouse conditions (RH = 90-95%), flowers pollinated before bulbil initiation 
showed pollen germination on the stigma surface within 24h to 48h (Fig. 6.2A). The pollen 
tubes then grew to the bottom of the style within app. 48h to 72h (Fig. 6.213). Later, about 
72h to 96h after pollination, pollen tubes from these treatments usually shared ovule 
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FIGURE 6.1 Average seed set per capsule by flower position in the inflorescence. The 
resultant seeds came from identical crosses in the glasshouse between one individual from 
population Ronhua (E) (pollen donor) and the other individual from Wulai (C) (receiver). 
Dashed line indicated the extend of standard deviation. 
Conversely, pollen tubes generally did not grow in the style when pollination was 
carried out in growth chamber, with relative humidity (RH) below 85% (Fig. 6.2C & 6.213). 
In these drier conditions, the pollen grains germinated on the stigma but callose formed at 





FIGURE 6.2 The observed pollen tube germination and elongation along the style under 
fluorescence microscope. (A) and (B) successful pollination observed pollen tubes 
germinated at the stigma and elongated through the bottom of style. (C) and (D) failure of 
pollination observed at the stigma and no pollen tube reached to bottom of the style. In (C) 
many pollen tubes stop to elongate further with callose forming at the tips (arrows). 
6.3.3 Pollen tube guidance in the ovary when bulbils are initiated 
Loss of pollen tube guidance in the ovary was found in several pollinated flowers 
located near the top of the inflorescence when bulbils were developing. Pollen grains 
showed no inhibition of germination and elongation in the styles of these flowers. However, 
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after the pollen tubes reached the ovary, instead of penetrating the ovules through the 
micropyle, they exhibited loss of direction while approaching the ovules (Fig. 6.3C-D). It 
was observed that the tips of these tubes were growing in all directions around the ovules 
and were apparently unable to locate the position of the micropyle (Fig. 6.3C-D). The 
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Figure 6.3 Fertilization inside the ovary observed under fluorescence microscope and 
SEM. (A) and (B) successful fertilization with pollen tubes penetrating ovules through 
rnicropyle. (C) and (D) the loss of pollen tube guidance. Arrows indicate the pollen tubes. 
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6.3.4 Pollinator observations 
A few common pollinators were observed visiting Titanotrichum. They were identified 
as bees, Xylocopa appendiculata and Ceratinaflavipes, or the butterfly Notocrypta 
curvfascia (Appendix 9). They tended to visit flowers within the same raceme before 
visiting another individual. The peak of their activity is at midday in sunny weather but 
their visits were not regular. Moreover, they are unspecific pollinators, as they visit more 
frequently other species nearby (e.g. Begonia spp.). The time they spent on a single flower 
of Titanotrichum was short (5-10 sec.) compared to other plants (15-20 sec.). Furthermore, 
the large bee Xylocopa usually steals nectar near the base of the flowers without pollinating 
them. 
6.3.5 Field pollination study 
Among all treatments, artificial within-population crosses (63% & 79.3 ±1 4.5) and 
between-population crosses (68% & 223.8 ± 36.7) resulted in more enlarged capsules and 
seed set than geitonogamous selfing (32% & 17.4 ± 10.7) or natural pollination (32% & 
29.2 ± 7.4)(F=21.99, P<0.001; Table 6.2). Autogamy and emasculated treatments did not 
result in any enlarged capsules or seeds. It is notable that the between-flower selfing 
(geitonogamy) did set seed but this was as poor as natural pollination (17.4 ± 10.7 vs. 29.2 
± 7.4; a Tukey test indicated no significant difference between these treatments). 
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Treatments Apomix (no Selfing (Pollen Selfing (pollen Natural Crossing Crossing F 
pollens deposited) from same flower) from other flower) pollination (within populations) (between populations) value 
individuals studied 12 14 16 14 19 15 
no. flowers studied 25 27 28 105 32 25 
no. enlarged capsules 0 0 9 34 20 17 
% enlarged capsules 0% 0% 32% 32% 63% 68% 
mean seed set/ 0 0 17.4 ± 10.78 29.2 ± 7•48 79.3 ± 14.58 223.8 ± 367b 21.99 *** 
per capsule 
germination rate I -- -- 4% ± 0.02 C 7% ± 0.02 C 39% ± 0.05 d 67% ± 0.060 23.75 
after 14 days 
total germination! -- -- 15% ± 0.05' 17% ± 0.04' 57% ± 0.06 9  80% ± 0.05 9  15.86 
after 30 days 
% of developed ovules -- -- 1.2% ± 0.01 h 1.2% ± 0.00' 3.2% ± 0.01 10.1% ± 0.01' 19.59 
a,b,c: each letter indicates a group of means which do not differ statistically  
Table 6.2 The descriptive statistics of fruit set, seed set, germination counted at 14 days and 30 days and percentage of developed ovules 
resulting from different pollination treatments in the field (year 1999). 
C1) 
Germination rate (after 14 days) and total germination (after 30 days) of selfed and 
natural seeds (4 to 9 % & 15 to 21 %) were also significantly lower than that of seeds from 
within- and between-population crosses (39 % to 67% & 57% to 80%)(F=23.75 & 15.86, 
P<0.001). The percentage of developed ovules across all field treatments was low (1 to 
10.1%), and crosses (3.2 to 10.1%) did result in significantly more developed ovules than 
selfing and natural pollination (1 to 1.2%)(F=19.59 P<0.0001). 
6.3.6 Glasshouse crossing experiments 
Because results from different glasshouse experiments (year 2000 and 2001) were not 
significantly different (F2.33, P>0. 1), I added the two years of data together to simplify 
the analysis. 
The glasshouse experiments basically confirmed those findings in field study. The 
average seed set from between-population crosses (816 ± 28) was higher than that from 
within-population crosses (240 ± 732) and selfings (210 ± 25) across all nine populations I 
studied (F7.34 to 75.71, P<0.01; Table 6.3). It should be noted that the differences in seed 
set between self and within-population crosses was less marked than those results from 
field study. A Tukey test suggested that these differences were not significant among all 
nine populations (Table 6.3). 
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Selfing Within-population crosses Between-population crosses 
no. of no. of % of no. of no. of % of no. of no. of % of 
flowers capsules capsules Mean seed set flowers capsules capsules Mean seed set flowers capsules capsules Mean seed set mean % of 
studied enlarged enlarged per capsule studied enlarged enlarged per capsule studied enlarged enlarged per capsule 
ovules no. developed 
per capsule 	ovules F value 
A 20 11 55% 48±13 8 17 10 59% 116±248 31 18 58% 28115b 1510 19% 11 .8*** 
B 26 19 73% 256 ± 64c 15 8 53% 211 ± 66c 53 42 79% 1108 ± 49d 2073 53% 38.35 
C 23 12 52% 307 ± 87e 20 14 70% 238 ± 60e 41 30 73% 649 ± 46' 1744 37% 17.67 
D 16 11 69% 42g 17 8 47% 78 ± 32g 42 34 81% 1112±89" 2024 55% 39.27 
E 21 13 62% 546±99' 15 8 53% 242±66' 46 37 80% 1180±59' 2309 51% 20.3 
F 29 21 72% 275±50" 17 10 59% 312±90" 31 23 74% 667±31' 1587 42% 11.24 
G 24 14 58% 24 	9'" 12 4 33% 56±25m 29 15 52% 152±34 ° 1667 9% 734** 
H 25 17 68% 42 ± 13 ° 20 12 60% 101 ± 20 0 42 33 79% 552 ± 46P 1535 36% 75.51 
I 12 6 50% 512139q 15 7 47% 366±l89 27 19 70% 859±58' 2065 42% 11.08*** 
average 
across 
populations 196 	124 	63% 	210 ± 25 	148 - 81 	55% 	242 ± 32 	342 	251 	73% 	816 ± 28 
Table 6.3. Fruit set, seed set, germination rate, total germination and percentage of developed ovules resulted from selfing, within-population 
crossing and between-population crossing with combined data from year 2000 and 2001. 
Cl) 
The percentage of ovules developing (in between-population crosses) in relation to mean 
total ovule numbers, varied from population to population (Fig. 6.4A-6.4B). Crosses in 
population Juansi (B), Dawan (D) and Ronhua (E) resulted in significantly higher seed set 
than other populations (seed per capsule> 1000). Population Kuanfu lo (A) and Patunkuan 
(G) was less fertile than other populations as less than 20% of ovules develop after 
crossings. On the other hand, the selfed seed set was notably lower in population Kuanfu lo 
(A), Dawan (D), Patunkuan (G) and Tairoko (H) (less than 48 per capsule; Table 6.3 & Fig 
6.2). Population A, G, and H only set a medium to low level of seed from crossing (below 
552). However, population D produced high numbers of seeds (1112 ± 89) from crossing 
but almost none from selfing (4 ± 2) (Fig. 6.4 & Table 6.3). 
Similarly, crossed seeds have a higher germination rate after 14 days (70%) and total 
germination after 30 days (81%) than those within-population crosses (57% & 73%) and 
selfings (48% & 68%) (Table 6.4). The differences in total germination between crosses 
(between-population) and selfs (81% vs. 68%) was not as great as the difference in 14-day 
germination rate (70% vs. 48%) (Fig. 6.5). On the contrary the total germination and 14-
day germination rate difference between crossing and selfing in field study was 
dramatically (15% vs. 80% & 4% vs. 67%, Fig. 6.5). Generally, crossed seeds from field 
and glasshouse have similar 14-day germination rate and germinability (80% vs. 81%, Fig. 
6.5). However, marked differences became evident between selfed seeds from the field and 
glasshouse (total germination increased from 15% of field to 68% of glasshouse, Table 6.2, 
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FIGURE 6.4 The average seed set (A), and the proportion of developed ovules 
(crossing seed set / mean ovule numbers) (B) result from different pollination treatments 
across each population. 
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Selfings Crossings 
Within Within Between 
individuals populations populations 
% of germination % of germination % of germination F 
after 14 days after 14 days after 14 days value 
A 52%±0 . 05 8 65%±0 .05a 68%±0.02a 333* 
B 56% ± 0.03 b 59% ± 0.07 b 77% ± 0.02 C 24.33 
C 41%±0.05" 61%005d 68% ± 0 . 03e 12.11 
D 26% ± 0.03 '  47% ± 0.04 '  70% ± 0.02 g 38.5 
E 62% ± 0.05 h 65% ± 0.04 h 74% ± 0.02' 10.73 
F 44% ± 0.03' 41% ± 0.01' 65% ± 0.02' 9.86 
** 
G 41%007 k 54%010k 71%±0.03' 5.86* 
H 42%±0 . 06m 58%±0 . 06m 70%±0.02' 41.5*** 
I 45% ± 0.04 ° 56% ± 0.05 ° 65% ± 0.01 ' 9.43 
average 
across 
populations 48% ± 0.02 57% ± 0.02 70% ± 0.01 
% of total germination 
after 30 days 
% of total germination 
after 30 days 
% of total germination 
after 30 days 
F 
value 
A 71%±0 . 02a 76%±0.02 a 75%±0 . 02a 2.5 
B 78% ± 0.03 b 79% ± 0.05 b 87% ± 0.01 C 20.64 
C 61% ± 0.04 d 75% ± 0.05 d 80% ± 0.02 e 10.85 
0 52%008f 68%±0.04' 81%002P 37.11*** 
E 76% ± 0.04 h 77% ± 0.03 h 84% ± 0.01 10.87 
F 69%±0.02' 66%002k 77%±0.02' 6.75** 
G 64% ± 0.04' 71% ± 0.07' 83% ± 0.02' 4.9 
H 61%±0 . 05m 72%±0 .05m 79%±0.02' 31.44*** 




populations 68% ± 0.02 73% ± 0.02 81% ± 0.01 
Table 6.4 The germination rate (counted on 14 days after sowing) and total 
germination (counted on 30 days after sowing) between glasshouse treatments with 
combined data from years 2000 and 2001. 
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FIGURE 6.5 The relationship between seed germination speed (days after sowing) and 
total germination (%) among different treatments in the field and glasshouse. Dashed line 
indicate the standard deviation. 
6.3.7 Meiosis of Titanotrichum 
The gametic count was equal to twenty (n=20. Fig. 6.6), which is apparently normal 
(somatic chromosomes of Titanoirichum were counted as 2n=40 in Ratter (1962). However, 
two individuals in population Kuanfu lo (population A) showed several pollen mother cells 
containing a pair of chromosomes precociously moving to two daughter cells from the 
equator during homologous association in metaphase (Fig. 6.7A-B). Sometimes a pair of 
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FIGURE 6.6 Meiosis chromosome count of litanotrichum (N=20) 
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FIGURE 6.7 Metaphase of meiosis of pollen mother cells in Titanotrichum. A-B: a pair of 
chromosomes (arrows) precociously moving to two daughter cells from the equator. C-D: a 
pair of chromosomes (arrows) precociously separated into the same daughter cell. 
138 
chromosomes do not separate so migrate to the same daughter cell, thus chromosome 
numbers were unequal in daughter cells (Fig. 6.7 C-D). This was subsequently confirmed 
by stainability tests showing only 65% of pollen from that population are fertile. 
6.4 Discussion 
My results have identified different levels of fertilization failure in Titanotrichum: loss 
of pollen tube guidance in the ovary in relation to bulbil development, inhibition of pollen 
tube growth in the style, possibly caused by low humidity, fertility differences across 
populations, and poor pollinator services. 
6.4.1 Significance of bulbil production to sexual reproduction 
Pollen tube guidance in the ovary appears to be strongly affected by the state of the 
inflorescence, particularly in relation to the conversion from flower to bulbil production 
(Fig. 6.1 & Fig. 6.3). Effective guidance in Nicotiana and Prunus involve several chemical 
substances and a sucrose gradient secretion inside the ovary (Herrero 2000; Lush et al. 
2000). If the gradient level is inefficient or absent, pollen tubes will not be led to the 
micropyle (Lush et a]. 2000). Resource competition might directly or indirectly affect the 
secretion of these chemicals and sucrose concentration. To test this, spraying sucrose and 
hormones as in the experiments of Arathi et al (1999) could test whether fertilization failure 
can be rescued. 
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In addition, asexual reproduction can release sexual reproduction from purifying 
selection. Mutations are more easily fixed through asexual reproduction. Harmful but not 
lethal mutations can then be retained in populations. Ultimately this might affect the sexual 
reproductive fitness of Titanotrichum in the wild. Loss of sex has been reported in clonal 
plant Decodon verticillatus (Eckert et al. 1999) and may also be happening in 
Titanotrichum. 
6.4.2 Pollination limitation and inbreeding depression 
The pollination results indicate that seed set from geitonogamy and natural pollination 
are of a similar level (Table 6.2), and suggests that most seeds set in the wild resulted from 
pollen transfer within the same individual or from individuals nearby. These conclusions 
further imply that the general pollinators of Thanotrichum were not very efficient at 
carrying pollen from and to other populations because a low natural seed set was observed. 
This was congruent with my field observation that these pollinators were inactive 
depending on weather, and that there was competition with other nearby nectanous plants. 
Populations of Titanotrichum are isolated from each other (the nearest one to my study site 
is one mile away), and pollinators are unlikely to travel such distance. 
Competition for pollinators might result in less pollen on each stigma and a mixed load 
of pollen (Larson and Barrett 2000, Wilcock and Neiland 2002). Larson and Barrett (2000) 
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compared pollen limitation in 224 species of animal-pollinated plants and found that 
species with flowers visited infrequently and by fewer different pollinators encountered 
greater pollen limitation. They introduced a pollen limitation index, which is equal to 1-
(Po/Ps). Po is the proportion of fruit set resulted from natural pollination, while Ps is the 
proportion of fruit set from artificial crossing (excess of pollen load). This index for 
Titanotrichum is about 0.53 (1-0.32/0.68), which indicates medium to high pollen 
limitation. 
From the pollination results in the field, it is clear that Titanotrichum benefits from 
outcrossing, as selfing resulted in less seed set (Table 6.2). Self-incompatibility (SI) is 
unknown in the Gesneriaceae, and my observations of pollen tube growth do not indicate 
the presence of classical SI (Levin 1996; Vogler et al. 1998; Good-Avila et al. 2001). 
Instead the results are consistent with late acting "incompatibility" due to inbreeding 
depression acting on reproductive traits (Charlesworth 1990; Sassa et al. 1997; Tsukamoto 
et al. 1999; Stephenson et al. 2000). These selfed seeds showed lower vigor (expressed as 
germination after 14 days) and viability (total germination after 30 days). Results from 
glasshouse treatments support the higher seed set, seed vigor and total germinability in 
outcrossed seeds (Table 6.3-6.4; Fig. 6.5). This implies some inbreeding depression in 
litanotrichum. 
It is also notable that there is no seed set resulted from the treatment of selfing within the 
same flower (Table 6.2). It implies that pollen grains might have loss their viability because 
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I had to apply three days old pollen onto its stigma (e.g. the stigma only becomes receptive 
three days after anther dehiscence). 
6.4.3 Abnormal pollen meiosis and possible effects on reproduction 
The preliminary data of pollen meiosis indicated that many pollen mother cells had a pair 
of chromosome precociously moving with unequal migration during metaphase in some 
individuals of population Kuanfu lo (Fig. 6.6 & 6.7). This might link to the fact that this 
population is less fertile (Fig. 6.4) than other populations because of high proportion of 
inviable pollens. However, this only roughly suggested that the sporogenesis process might 
be affected by abnormal meiosis because only few individuals were examined here. Further 
study on meiosis across more individuals and populations is needed to clarify the relation 
between fertility and pollen meiosis. 
6.4.4 Implications for conservation 
From my results (Fig. 6.4), population Juan-si waterfall (B), Dawan (D) and Ronhua (E) 
were more fertile than the other populations. This is in line with my previous population 
studies, which showed that these north Taiwan populations contained a higher diversity 
than the other populations (Nei's diversity index = 0.09, 0.09 and 0.14 respectively; Wang 
etal. in prep.). As viability of applied pollen from various sources were equally good, and 
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the resulting seed set was always maintained at similar levels in different crosses, the 
variable fertility appears to be due in part to intrinsic female genotypic effects. 
Unlike most other bulbiliferous plants which are wildly distributed, Titanotrichum 
populations are scattered in Taiwan, the adjacent area of China and south Ryukyu. Its status 
is vulnerable (Chapter 5). My results indicated that its sexual reproduction, although still 
functional, is highly dependent on pollinators. Unfortunately, the pollinators I observed 
visiting the plants were ineffective even in the large population I studied. Pollinator activity 
might be rarer in smaller and more scattered populations. 
In addition, the habitat required for Titanotrichum is being reduced by deforestation. A 
previous study has suggested many populations of litanotrichum may have been isolated 
since the last glaciation (Chapter 5). This is also evident from my glasshouse experiments, 
in that seed set from crossing populations one mile apart was equivalent to crossing 
distantly related populations (Taiwan to China)(my personal observation). A switch to 
bulbil and rhizome production may be a key innovation to survive the lack of outbreeding. 
Conservation strategies for Titanotrichum may require the introduction of individuals from 
other fertile populations to less-fertile populations to enhance gene flow and promote 
sexual reproduction. Habitat protection or restoration, however, should be the priority. 
Pollinator mediated gene flow may naturally increase if a suitable conservation plan is 
implemented to link these primary forests as natural reserves or national parks. 
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Chapter Seven: General discussion, conclusion and 
future work 
This thesis demonstrated the systematic position, morphogenesis and genetic 
regulation of bulbil development, population structure and pollination biology of 
Titan otrichurn oldharnii. The results from the phylogenetic analysis convincingly 
indicated that Titanotrichurn belongs to the Gesneriaceae, but showed a strong affinity 
to South American and southern hemisphere Gesneriaceae species (Chapter 2). Still, the 
question exists as to which New World lineage could be the closest sister group to 
Titanotrich urn. 
To further explore its position, adding sequence data from conserved gene regions 
may help to clarify that. The combined data from 26S, atpB-rbcL and trnL-F sequences 
showed that Besleria, Napeanthus and Titanotrichurn are placed in a polytomy sister to 
the New World dade. Further data from more conserved genes such as rbcL, atpB and 
18S may be useful for resolving this polytomy (rbcL, atpB and 18S sequence is 
available on GenBank but not yet for any New World Gesneriaceae species). Besleria is 
a big genus containing several hundred species, and species sampling is required. 
Phylogenetic relationships inferred from the floral symmetry gene CYCLOIDEA also 
proved to be comparable to other gene regions. However, it evolved very fast and thus 
multiple substitutions, espescially in P codon position may obscure the real phylogeny. 
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Surprisingly, many CYC duplication events happened through the lineage of 
Scrophulanaceae and Gesneriaceae, thus indicating a genetic complexity of this 
developmental gene. 
The classification of Gesneriaceae has revealed a clear morphological boundary 
between Old World and New World species (anisocotyly vs. isocotyly), and 
phylogenetically both groups are well-supported and monophyletic (Burtt and Wiehler 
1995; Mayer et al. 2003). From my results, Titanotrichuin is the only exception: the 
only Old World species showed a strong affinity to the Gesnerioideae and 
Coronantheroideae dade rather than the Old World Cyrtandroideae dade. Because the 
fossil record of Gesneriaceae is extremely sparse, prediction of any inter-migration 
event between New World and Old World species from their paleo-distribution will be 
difficult. It is hoped that in the future more data from pollen and fossil records can be 
extracted to extend our understanding. 
Bulbil development is the most important trait in Titanotrichum. It interacts with 
flower development and sexual reproduction, as well as the resulting population 
structure. Bulbil development in Titanotrichum seems to be vegetative, and it requires 
switching in a plant already in its reproductive phase. Therefore, bulbil development is 
entirely different to other asexual propagules such as tubers, rhizomes, adventitous 
shoot and budding leaves. The bulbil clustering process in Titanotrichurn can be viewed 
as combining the initiation of axillary branches and the generation of bulbil primordia. 
It thus also different to other bulbiliferous plants, in which normally one bulbil 
pnmordium is initiated in a single meristem (i.e. Mimulus gemmiparus and Polygonum 
145 
viviparum; Moody et al 1999; Diggle 1994). In the future, comparative study of bulbil 
development among bulbiliferous plants, especially in largely unknown tropical taxa 
(i.e. Remusatia vivipara ), will enhance our understading of the evolution of different 
kind of bulbils and their homology. 
The flexibility of meristem behaviour in Titanotrichum reflected the fact that its 
shoot apical meristem (SAM) retained strong indeterminacy during its growth. As 
mentioned in chapter 3 and chapter 4, the reversible reproductive/vegetative phase 
change in Titanotrichum is comparable to those findings in Impatiens. The shoot 
development is evidently response to genetic and environmental factors. The 
morphogenesis of bulbils might also be related to photoperiod and intrinsic genetic 
control. 
The Titanotrichum putative FLO/LFYhomologue (GFLO) has been observed to be 
down-regulated in the development of bulbil initiation (Chapter 4). Further evidence 
such as RNA in-situ expression patterns would provide more convincing supports for 
the reduced expression of GFLO would be expected to be observed in bulbil primordia. 
Downstream genes in a developmental pathway that is controlled by upstream gene 
expression can be identified through a protein-protein interaction assay (i.e. yeast 
hybrid). Further identification of GFLO downstream genes will help us to elucidate the 
entire genetic framework in the bulbil developing pathway. An ectopic expression of 
GFLO in Arabidopsis will also give us some hints about the consequence of phenotypic 
changes resulting from GFLO. 
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The possible hormonal regulation on GFLO may be tested by spraying gibberellic 
acid (GA) on an entire plant during bulbil initiation to examine its effects. Or, in long 
day conditions, the top of the inflorescence can be physically removed but with GA 
constantly applied to it, to check whether bulbils are still initiated. By doing so, we can 
test whether bulbil proliferation can be eliminated by GA supplement, an up-regulating 
precursor of FLO/LFY. 
Instead of being widespread, Titanotrichum is an exceptionally rare bulbiliferous 
plant. The results of RAPDs and InterSSR analysis in chapter 5 suggested that the gene 
flow between populations is low and most populations are predominantly reproduced 
asexually. This was further confirmed, in results from pollination experiments, that 
showed the general pollinators for Titanotrichum were not effective in promoting 
crossings between populations, and failure of fertilization is probably common in the 
wild because of the interference of bulbil development and the sensitivity to 
environmental factors. Asexual reproduction via bulbils and rhizome is thus absolutely 
essential for its survival because niche competition in subtropical forest is severe. 
The limited and scattered distribution of Titanotrichum from Taiwan, SE China and 
southern Ryukyu Islands of Japan investigated in this study, indicated that this species 
may be a Quaternary relic (Chapter 5). Compared to other Gesneriaceae species in this 
region, which are more or less widespread, this fact might imply that Titanotrichum is 
an old lineage of Old World Gesneriaceae. It is evident that the genetic diversity of 
northern and north-central Taiwan populations is higher than other populations in the 
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south, and east Taiwan and those in Japan and China. This might imply that 
Titanotrichuni originated in Taiwan. To justify that, a biogeographic study estimating 
the divergence time between populations in Taiwan, China and Japan will help to 
clarify this hypothesis. For example using a molecular clock inferred from DNA regions 
such as ribosormal internal transcriber (ITS) and chioroplast regions (Moller and Cronk 
2001; Richardson et at. 2001) might be tested in the future to find out which geographic 
area is more ancestral. 
From the results of pollination experiments in the glasshouse (Chapter 6), the seed-
set ability (percentage of developed ovules after crossing) is different across 
populations. In addition, it was observed that the seed germination rate was greater than 
that of from the seeds harvested in glasshouse treatments than seeds received from field 
study. This therefore indicated that both genetic factors and environmental pressure 
contributed to the fertilization process in Titanotrichum. It will be interesting to know 
whether similar interaction between bulbil development and fertilization is also evident 
in the breeding behaviour in other bulbiliferous plants. 
The study of bulbil development, the genes regulating that, population structure and 
fertilization in Titanotrichum can thus hopefully serve as an example in extending our 
knowledge of the evolutionary biology of fascinating bulbiliferous plants. Further 
studies of other bulbiliferous plants are also required. But first, action to conserve the 
wild populations of Titanotrich urn oldhamii is necessary in the near future. 
MK 
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APPENDIX 1. Aligned matrix for the trnL-F region (Chapter 2) 
EXSET trnLF no amb = 114-131 293-305 550-614 [trnL exon] 665-679; <* excluded sites for analysis * 
trnL only 
Likelihood settings from best-fit model (TVM+G) selected by hLRT & AIC in Modeltest Version 3.06 
[BEGIN PAUP; 
Lset Base=(0.3600 0.1641 0.1629) Nst=6 Rmat=(1.1387 1.5632 0.2406 1.2085 1.5632) Rates=gamma Shape=1.3464 
Pinvar=0; 
END;] 
10 	20 	30 	40 	50 	60 	70 	80 	90 	1001 



























Loxostigma sp. nov 
TATGAGAACTTACTAA - GTGTTCACTTTCAAATTCAGAGAAACCCTGGAATTAACAAAAA- - TGGGCAATCCTGAGCCAAATCCT- GTTTTACAAAAACA [96] 
TATGGAAACTTACTAA- GTGATCACTTTCAAATTCAGAGAAACCCTGGAATTAACAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCCGAAAACA [96] 
TATGGAAACCTACTAA- GTGATAACTTTCAA - TTCAGAGAAACCCCGGAATTAAGAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [901 
TATGGAAACCTACTAA- GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTCTTCT----- CA [91] 
TATGGAAACCTACTAA - GTGATAACTTTCAAATTCAGAGAACCCCCGGAATTAAGAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA - GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91) 
TATGGAAACCTACTAA- GTGATAACTTTCAAATTCAGAGAAACCCAGGAATTAAGAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA-GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT-GTTTTCT----- CA [91] 
TATGGAAACCTACTAA- GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GCTTTCT----- CA [91] 
TATGGAAACCTACTAA-ATGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- -TGGGCAATCCTGAGCCAAATCCT- GTTTTCT----- CA [91] 
TATGGAAACCTACTAA- GTGATAACTTTCAAATTCAC,AGAAACCCCGGAATTAATAAAAA - - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA-GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- -TGGGCAATCCTGAGCCAAATCCT-GTTTTCT----- CA [91] 
TATGGAAACCTACTAA -GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA - GTGATAACTTTCAAATGAAGAGAAACCCCGGAATTAATAAAAA- -AGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA- GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA - - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA - GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT----- CA [91] 
TATGGAAACCTACTAA- GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTTT----- CA [91] 
TATGGAAACCTACTAA-GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- -TGGGCAATCCTGAGCCAAATCCT-GTTTTCT----- CA  
TATGGAAACCTACTAA-GTGATAACTTTCAAATTCAGAGAAACCCCGGAATTAATAAAAA- -TGGGCAATCCTGAGCCAAATCCT-GTTTTCT-----CA [91) 
TATGGAAACCTACTAAAGTGATAATTTTCAAATTCAGAGAAACCCTGGAATTAATAAAAA - - TGGGCAATCCTGAGCCAAATCCT - GTTTGCT-----CA  
TATGGAAACCTACTAA- GTGAAAACTTTCAAATTCAGAGAAACCCCGGAATTAAAAAAAAAATGGGCAATCCTGAGCCAAATCCT -GTTTTCT-----CA  
TATGGAAACCTACTAA - GTGAAAACTTTCAAATTCAGAGAAACCCCGGAATTCAAAAAGA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT-----CA [91] 
TATGGAAACCTACTAA - GTGAAAACTTTCAAATTCAGAGAAACCCCGGAATTAAAAAAGA- - T000CAATCCTGAGCCAAATCCT - GTTTTCT-----CA [91] 
TATGGAAACCTACTAA- GTGAAGACTTTCAAATTCAGAGAAACCCTGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT-----CA  
TATGGAAACCTACTAA-GTGAAGACTTTCAAATTCAGAGAAACCCTGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCTTGTTTTCT-----CA  
TATGGAAACCTACTAA - GTGAAGACTTTCAAATTCAGAGAAACCCTGGAATTAAGAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT-----CA [91] 
TATGGAAACCTACTAA - GTGAAGACTTTCAAATTCAGAGAAACCCTGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT- GTTTTCT-----CA [91] 
TATGGAAACCTACTAA- GTGAAGACTTTCAAATTCAGAGAAACCCTGGAATTAATAAAAA- - TGGGCAATCCTGAGCCAAATCCT - GTTTTCT-----CA [91) 



























Loxostigma sp. nov 
110 	120 130 	140 	150 	160 	170 	180 	190 2001 
AA- CAAAGGTTCA------GA AAAAA- - - -GGATAGGTGCAGAGACTCAATGGAAGCTATTCTAAAAAATGGAGTGAAATGCGTTGGTA------ GAGG (179] 
AA- CAAAGGTTCA------GAAAAAAA- - - - GGATAGGTGCAGAGACTCAATGGAAGCTATTCTAACAAATGGAGTTAAATGCGTTGGTA------ GAGG [179] 
AAACAAAGGTTCA- AAAGCGAAAAAA- - - - GGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGTGTTGGTA------ GAGG (1791 
AAACAAAGGTTCAGAAAGCGAAAAAA ---- GGGATAGGTGCAGAGACTCAATGGAAGCTTTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG (1811 
AAACAAAGGTTCAGAAAACGAAAAAAAAAA - GGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG (1841 
AAACAAAGGTTCAGAAGGCGAAAAA------ GGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGA [179] 
AAACAAAGGTTCAAAAAACGAAAA- TAAA- GGGATAGGTGCAGAGACTCAATGGAAGATGTTCTAACAAATGGGGTTGACTGCGTTGGTA------ GAGG [183] 
AAACAAAGGTTCAGAAAGTGAAAAAAA - -- - GGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG (181] 
AAACAAAGGTTCAGAAAGCGAAAAA ----- GGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA ------ GAGA  
AAACAAAGGTTCAGAAAGCGAAPAP.A - - - - GGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAPATGGAGTTGACTGCGTTGGTA ------ GAGG  
AAACAAAGGTTCAGAAAGCGAPAA- --- GGGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG [1811 
AAACAAAGGTTCAGAAAGCGAAAAA ---- GGGGATAGGTGCAGAGACTCGATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG [181) 
AAACAAAGGTTCAGWGCGAAA -------- GGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA ------ GAGG [177] 
AAACAAAGGTTCAGAAAGCTCAAAPk ---- GGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG [181] 
AAAAAAAGGTTCAGAAAGCGAAAAA ---- GGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGATTGCGTTGGTA------ GAGG [181] 
GATCAAAGGTTCAGAAAGCGAAAA - -- - GGGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCATTGGTA------ GAGG [181) 
AAACAAAGGTTCAGAAAGCGAAAAA------ GGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCATTGGTATTGGTAGAGG [185) 
AAACAAAGGTTCAGAAAGCGAAAAA ---- GGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCATTGGTA------ GAGG [1811 
AAACAAAGGTTCAGAAAGCGAAAAA - -- - GGGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAATGGAGTTGACTGCATTGGTA------ GAGG (181] 
AAACAAAGGTTCAGCGAGCGAAAA ----- GA- GATAGGTGCAGAGACTCAACGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG [180) 
AAACAAAGGTTCAGAGGGTGAAAAA - - - - GAGGATAGGTGCAGAGACTCAATGGAAGGTGTTCTAACAAP.TGGAGTTGACTGCGTTGGGA ------ GAGG (183) 
AAACAAAGCTTCAGAGAGCGAAAAA - -- - GAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGGA------ AAGG [181] 
AAACAAAGCTTCAGAGAGCGAAAAA ---- GAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGATTGTGTTGGGA------ AAGG [181] 
AAACAAGGGTTCAGAGAGCGAAAAA - - - - GAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG [181] 
AAACAAGGGTTCAGAGAGCGAAAAA - - - - GAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACTGCGTTGGTA------ GAGG  
AAACAAGGGTTCAGAGAGCGAAAAA - -- - GAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACCGCGTTGGTA------ GAA- (180) 
AAACAAGGGTTCAGAGAGCGAAAAA - - - - GAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACAAATGGAGTTGACCGCGTTGGTA------ GAAG [181] 
AAACAAGGGTTCAGAGAGCGAAAAAAA ---- GGATAGGTGCAGAGACTCAATGGGAGCTGTTCTAACAAATGGAGTTGACCGCGTTGGTA------ GAAG [181] 



























Loxostigma sp. nov 
210 	220 	230 240 	250 260 	270 	280 290 	3001 
AATCTTTACATCGAAACTTCAGAAAGAAAAAGAATGAAGTGAAGGATAAAGGTATATACATACGTATATAATACTAT --------- ATCAAA -------- [2621 
AATCTTTACATCGAAACTTCAGAAAGAAAAAGAATGAAGTGAAGGATAAACGTATATACATACGTATTGAATACTAT--------- ATCAAA-------A [263] 
AATCTTTCCATCAPAACTTCAGAAAAGA ----------- TGAAGGATAAATCTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [243] 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [245) 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGACGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA --------  
AATCTTTCCATCGAAACTTCAGAAAGGG ----------- TGACGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [243] 
AATCTTTCCACCGAAACTTCAGAAAGGA ----------- TAAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [247] 
AATCTTTCCATCAAAACTTCAGAAAGGA----------- TGAAGGATAAACGTAT-------- CTATTGAATACTAT--------- ATCAAA------TA [247] 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATCAACGTAT -------- CTATTGAATATTGA - - ATACTATATCAAAAAAA - TG [257] 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATCGACGTAT -------- CTATTGAATATTGA -ATACTATATCAAAATAAAATA [260] 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [245] 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- (245] 
AATCTTTCCATCGAAACTTCAGAAAGGA----------- TGAAGGATAAACGTAT-------- CTATTGAATACTAT--------- ATCAAA-------- [2411 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATATTAT --------- ATCAAA -------- [245) 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATATTAT --------- ATCAAA -------- [245) 
AATCTTTCTTTCGAAACTTCAGAAAGGA ----------- TGAAGGATP,AACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [245] 
AATCTTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAC --------  
AATCTTTCCATCGAAACCTCAGAAAGGA ----------- TGAAGGAGAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [245] 
AATCTTTC ------------------------------------------------------- CT-TTGAATACTAT --------- ATCAAA -------- [208) 
AATCGTTCCATCGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTAGTGAATACTATTAATACTATATCAAA -------- (253] 
AATCGTTCCATCGAAACTTCAGACAGGA ------------------ TAAGCGTAT -------- CTATTAAATACTAT --------- ATCAAC -------- [240] 
AATCGTTCCATCAAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- [245] 
AATCGTTCCATCAAAACTTCAGAAAGGC ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT --------- ATCAAA -------- (245] 
AAT -------- CGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT ----------------------- [231) 
AAT -------- TGAAACTTCAGAAAGGA ----------- TG ------ AAACGTAT -------- CTATTGAATACTAT ----------------------- [226) 
AAT -------- TGAAACTTCAGAAAGGA ----------- TGAAGGATAAAGGTAT -------- CTATTGAATACTAT -----------------------  
AAT -------- TGAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT ----------------------- (231] 
AAT -------- TTAAACTTCAGAAAGGA ----------- TGAAGGATAAACGTAT -------- CTATTGAATACTAT -----------------------  



























Loxostigma sp. nov 
310 	320 	330 	340 	350 	360 	370 	380 	390 	4001 
TGATTAATGACGACCCAAATCCGTAT -------- TTTTTA- TAAACAAAA- TAGAAGAAGTAGTGTGACTCGATTCTACATTGAAAP.AAGAATAG [347] 
TCAAATGATTAPTGATGACCCGAATCTGTAT ------ TTTTTC --- TATAAAAAA- TAGAAGAATTGGTGTGAATCGATTCTACATTGAAGAAAGAATCG [353] 
TTATTAATGATGGCCCGAPTCTGTATC - TGTATTTTTCTA- TATTAAAAA - TGGAAGAATTGGTGTGAATTGATTCCACATTGAATAAA3AATGG [335) 
TGATTAATGATGGCCCGAATCTGTATC - TGTATTTTTTTA- TATGAAAAA- TGGAAGAATTGGTGTGAATTGATTCCACATTGATGAAAGAATCG [3371 
TGATTAATGATGGCCCGAP.TCTGTATC - TGTATTTT - TTAATATGAAAAAATGAAAGAATTGGTGTGAATTGATTCCACATTGAAGAAkAGTTG [341] 
TGATTAATGATGGCCCGAATCTTTATC-TTTATTTTTTTA- TATGAAA-TAGAAAAATTGATGTGAATTTATTCCCATTGAAGAAAGAATCA [335] 
TGATTAATGATGGCCCGAATCTGTATC - TGTATTTT - GTAATATGAAAAA- TGAAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGkATCA 13391 
TCAAATGATTAATGATGGTCCAAATCTGTATC - TGTATTTTTTTA - TATGAAAAA- TGGAAGAATTGGTGTGAAGTGATTCCACATTGAAGAAAGAATCC [344) 
GATTAATATTAATGATAGCCCGAATGTGTATC- GGTATTTTTTTA- TATGAAAAA- TGGAAGAATTAGTATGAATTGATTCCACATTGAAGAAAGAATCG [354] 
GATTAATATTAATGATGGCCAAAATCTGTATC - GGTATTTT - TTA- TATGAAAAA- TGGAAGAATTAGTATGAATTGATTCCACATTGAAGAAAGAATCG [356) 
TGATTAATAACGGTCCGAATCTGTATC - TGTATTTTTGTA- TATAAAAAA - TGGAAGAPTTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [337) 
TGATTAATAACGGCCCGAATCTGTATC- TGTATCTTTGTA- TATGAAAAA-TGGAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [3371 
TGATTAATAACGGCCCGAATCTGTATC - TGTATTTTTGTA - TATCAAAAA- TGGAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [333) 
TGATTAATAACGGCCCGAATCTGTATC - TGTATTTTTGTA- TATGAAAAA- TGGAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [337) 
TGATTAATAACGGCCCGAATCTGTATC-TGTATTTTTGTA- TATGAAAAA- TGGAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [337) 
TGATTAATAPCGGCCCGAATCTGTATCATATCTTTTTGTA- TATGAAAAA- CGGAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [338] 
TGATTAATAACGGCCCGAATCTCTATCATATCTTTTTGTA- TATGAPAP.A- TGGAAGP.ATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [342] 
TGATTAATAATGGCCCGAATCTCTATCATATCTTTTTGTA - TATGAAAAA- TGGAAGAATTGGThTGAATTGATTCCACATTGAAGAAAGAATCG [3381 
TGATTAATAACGGCCCGAATCTGTATCATATCTTTTTGTA- TATGAAAAA - TGGAAGAATTGGTGTGAATTGATTCCACATTGAAGAAAGAATCG [3011 
TAATTCCTAATGGCCCTATTCTGTATC-TGTATTTTTGTA-TATGAAAA- -TACAAAAATTGGTCAGAATTGATTCCCCATTGAAGAAPGAATCG [3441 
TGATTAATAATGGCCCGATTCTGTATC - TGGAGTTTTGTA - TATGAGAAA - TGGAAGAATTGA----------TTCCACATTGAAGAAAGAATCG [322) 
TGATTAATlCCGGCCCCACTCTGTATC- TGG - TTTTTGTA- TATGAAAAA- TGGAAGAATTGATGTGAATTGATTCC------AAGAAAGAATCG [330) 
TGATTAATACCAGCCCCACTCTGTATC - TGG - TTTTTGTA- TATGAAAAA- TGGAAGAATTGATGTGAATTGATTCC------AAGAAAGAATCG [3301 
- - TGATGATTAATAATGGCCCGAATCTGTATC - TGATTTTTTGTA- TATGAAAAA- TGGAAGAATTGGTGTGAATTGATTTCACATTGATAA).AGAATCG [326] 
- - TGATCATTAATAATGGCCCACATCTGTATC - TGGGTTTTTGTA- TATGAAAAA - TGGAAGAATTGGTGTGAATTGATTTCACATTGATAAAAGAATCG [321] 
- - TGATGATTAATAATGGCCCGAATCCATATC - TGGGTTTTTGTA- TATGAAAAA - TAGAAGAATTGGTGTGAATTGATTTCACATTGATAAAAGAATCG [325) 
- -TGATGATTAATAATGGCCCGAATCTGTATC-TGGGTTTTTGTA-TATGAAAAA-TAGAAGATTGGTGTGAATTGATTTCACATTGATAAAAGAATCG [326) 
- -TGATGATTAATTGGCCCGAATCCGTATC-TGGGTTTTTGTA-TATGAAAA-TAGAAGAATTGGTGTGAATTGATTTCACATTGATAAAAGAATCG [326] 



























Loxostigma sp. nov 
410 	420 	430 	440 450 	460 470 	480 	490 	5001 
AATA------TTCATTGATCAAACCATTCACTCCATAGTCTGATAGAT-----CTTTTGAAGAAC ------TGATTAATCGGACGAGAATAAAGATAGAG [430] 
AATA ------TTCATTGATCAAACCATTCACTCCATAGTCTGATAGAT-----CTTTTGAAGAAC ------TGATTAATCGGACGAGAATAAAGATAGAG [436] 
AATA------TTCATTCATTAAATCATTCACTCCATAGTCTGGTAGAT-----CTTTTAAAGAAC ------TGATTAATCGGACGAGAATAAAGATAGAG [418] 
AATA ------ TTCATTCATCAPJTCATTCACTCCATAGTCTGATAGAT ----- CTTTTAAAGAAC ------ TGATTAATCGGACGAGAATAAAGATAGAG [420) 
ATA ------ TTCATTCATCAAATCATTCACTCCATAGTCCGATAGAT ----- CTTTTAAAGAPC ------ TGATTAATCGGACGAGAATAAAGATAGAG [424) 
AATA- AAATATTAATTCATCAAATCATTCACTCCATAGTCTGATAGTT-----CTTTTAAAGAAC ------TGATTAATCGGACGAGAATAAAGATAGAG [423] 
AATA ------ TTCATTCATCATTATTCACTCCATAGTCCGATAGT ----- CTTTTAAAGAAC ------ TGATTAATCGGACGAGAATAAAGATAGAG [422] 
AATA------TTCATTCATCAAATCATTCACTCCATAGCCTGATAGAT-----CTTTTAAAGAAC ------TGATTAATCGGACGAGAATAAAGATAGAG [427) 
AATA------TTCATTTATCAAATCAGTCACTCCATAGTCTGATAGAT-----CTTTTCAAGAAA ------TGATTAATCGGACGAGGATAAAGATAGAG [4371 
AATA ------ TTCATTTATCAAATCATTCACTCCATAGTCTGATAGAT ----- CTTTTCAAQAAA ------ TGATTAATCGGACGAGGATAAAGATAGAG [439] 
AATA ------ TTCATTCATCAAATCATTCACTTCATAGTCCGATAGAT ----- CTTTTAAAGAC ------ TTATTAATCGGACGAGAATAAAGATAGAG [4201 
AATA ------ TTCATTCATCAAATCGTTCACTCCATAGTCCGATAGAT -----CTTI1AACGAAT ------ TTATTAATCGGACGAGAATAAAGATAGAG [4201 
AATA------TTCATTCATCAAATCATTAACTCCATAGTCCGATAGTT-----CTTTTAAAGAAC ------TTATTAATCGGACGAGAATAAAGATAGAG [4161 
AATA ------ TTCATGAPTCAAATPATGAACTCCATAGTCCGATAGAT ----- CTTTTAAAGAPC ------ TTATTAATCGGACGAGAATAPAGATAGAG [4201 
AATA ------ TTCATTCATCAAATAATTCACTCCATAGTCCGATAGAT ----- CTTTTAAAGAAC ------ TTATTATCGGACGAGAATAAAGATAGAG [4201 
AATA------TTGATTCATCAAATCATTCACTCCATAGTCCGATAGATGTTTTCTTTTAAAGAATTTATTAATATTAATCGGACGAGAATAAAGATAGAG [4321 
AATA------TTCATGCATCAAATCATTCACTCCATAGTCCGATAGATCTTTTCTTTTAAAGAAC ------TTATTAATCGGACGAGAATAAAGATAGAG [4301 
AATA------TTCATTCATCAAATCATTCACTCCATAGTCCGATAGTTCTTTTCTTTTAAAGAAC ------TTATTAATCGGACGAGAATAAAGATAGAG [426) 
AATA------TTGATTCATCAAATCATTCACTCCATAGTCCGATAGATCTTTTCTTTTAAAGAAC ------TTATAAATCGGACGAGAATAAAGATAGAG [3891 
ACTA ------ TTCATTCATCAAATAATTTACTTCATAGTCCGATAGAT ----- CTTTTAAAGAAT ------ TTATTACTTGGACGAGA.ATAAAGATAGAG [427] 
AP.TA ------ TTCATTCATCAAATCATTTACTCCAAAGTCCGATAGTT ----- CTTTI'AAAGAAC ------ TTATTAATCGGACGAGAATAAAGATAGAG (405) 
AATACGAATATTCATTCATCAPJTCATTCACTCCATAGTCCAATAGAT ----- CTTTTAAAGAAC ------ TTATTAATCGGACGAGAATAAAGATAGAG [419) 
AATACGAATATTCATTCATCAAATTATTCACTCCATAGTCCAATAGAT -----CTTTTAAAGAAC ------TTATTAATCGGACGAGAATAAAGATAGAG (419] 
AATA ------TTCATTGATCAAATCATTCACTCCATAGTCCGATAGAT -----CTCTTAAAGAACTTATTATTATTATTCGGACGAGAATAAAGATAGAG [415] 
AATA ------TTCATTGATCAAATCATTGACCCGATAGTCCGATAGAT -----CTCTTAAAGAAT ------TGATTATTCGGACGAGAATAAAGATAGAG [404) 
AATA ------TTCATTAATCAAATCATTCACTCCACAGTCCGATAGAT -----CTCTTAAAGAAC ------TTATTATTCGGACGAGAATAAAGATAGAG  
AATA ------TTCATTAATCAAATCATTCACTCCACAGTCCGATAGAT -----CTCTTAAAGAAC ------TTATTATTCGGACGAGAATAAAGATAGAG  
AATA ------TTAATTAATCAAATCATTCACTCCACAGTCCGATAGAT -----CTCTTAAAGAAC ------TTATTATTCGGACGAGAATAAAGATAGAG [4091 



























Loxostigina sp. nov 
[trnL-exon 550-597 excluded for analysis 
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Loxostigma sp. nov 
610 	620 630 640 650 	660 670 	680 690 	7001 
AAA ----------- GACTAT ----- TTCA ---- CTCCCCAACTA ------- TTTATCCGACCCC ----------- TTTTCCTT -------- CGCGGTTCC [584] 
AAA ----------- GACTAT ----- TTCA ---- CTCCCCAACTA ------- TTTATCCGACCCCC ----------- TTTCCTT -------- AGCGGTTCC [5901 
AAA--------- GGGCC---------------------------------- TTTATCCTATCCC--------- TTTTTT------------AGTGGTTC- [553] 
AAA ---------- GGCCTAT ----- TTGA ----------------------------- TATCCCCC -------- TTTTTCGTT -------- AGCGGTTCA [560) 
AAAAA ---------GCCTAT----- TTGATTGACTTCCAAAATA-------TTTATCCTATCCCC-------- TTTTTTCGTT--------AGCGGTTCC [587] 
AAAAA --------- GCC-AT ----- TTGA ---- CTCCCAAAATA ------- TTTATCCTATCCCCC -------- TTTTTCGTT -------- AGGAGTTTC [5811 
AAPA ---------- GCCTAT ----- TTGA ---- CTCCCAAAATA -------TTTATCCTATCCCCC-------- TTTTTTGTT--------AGCGGTTCC [580] 
AAAA --------- GCCTAT ----- TTGA ---- CTCCCAAAATA ------- TTTATCCTATCCCC -------- TTTTTTCGTT -------- AGCGGTTCA [586) 
AAAAA ---------- CCTAT ----- TTGA ---- CTCACCAP,ATA ------- TTTATCCTATCCCC -------- TTTTTTCGTT -------- AGCGGTTCA  
AAAA ----------- CCTAT ----- TTGA ---- CTCCCAAAATA ------- TTTCTCCTATCCCC -------- TTTTTTCGTT -------- AGCGGTTCA  
AAAA ---------- GCCTAG----- TTGA ---- CTCCCAAAATA ------- TTTATCCTATCCCC -------- TTTTTTCGTT -------- AGCGGTTCA (578] 
AAAAA --------- GCCTAT ----- TTGA ---- CTCCCAAAATA ------- TTTATCCTATCCCC -------- TTTTTTCGTT -------- AGTGGTTCA [579] 
AAAAA --------- GCCTAT ----- TTGA ---- CTCCCAAAATA ------- TTTATCCTATCCCC --------- TTTTTCGTT -------- AGCGGTTCA [574] 
AAAA ---------- GCCTAT ----- TKGA ---- TTCCCAAAATCTTTAATCTTTATCCTATCCCC-------- TTTTTTCGTT--------AGCGGTTCA [585] 
AAAA ---------- GCCTAT ----- TTGA ---- TTCCCAAAATCTTTAATCTTTATCCTATCCCC -------- TTTTTTCGTT -------- AGCGGTTCA [585) 
AAAA ---------- GCCTAT ----- TTGA ---- CTCCAAAAGAA ------- TTTATCCTACCCCCCCCCTTTTTTTTTTTGTT -------- AGCAGTTCA [598] 
AAAA ---------- GCCTAT ----- TTGA ---- CTCCAAAAATA ------- TTTATCCTATCCCC --------- TTTTTCGTT -------- AGCAGTTCA [587] 
AAAA ---------- GCCTAT ----- TTGA ---- CTCCAAAAATA ------- TTTATCCTATCCCC -------- TTTTTTCGTT -------- AGCAGTTCA (584] 
AAAA ---------- GCCTAT ----- TTGA ---- CTCCAAAAATA ------- TTTATCCTATCCCC -------- TTTTTTCGTT -------- AGCAGTTCA (547] 
AAAACCCCTAAAAGGCCTGT ----- TTGA ---- TTCCCAAAATA -------------GTAAACCCCCCC -TTTATTTTCGTTTTCACATTAGCGGTTCA (603) 
AAAAA --------- GCCTGT ----- TTGA ---- TTCCCAAAATG ------- TTTATCCTATCCCC -------- TTTCTTCGTTTT--CGTTAGCGGTTTA [570] 
AAAAA --------- GCCTAT ----- TTGA ---- TTACCAAAATA -------TTTATACTATCCCCC------- TTTTGTCGTTTT -AGTTAACGGTTAA [5851 
AAAAA --------- GCCTAT ---- TTTGA ---- TTACCAAAATA ------- TTTATACTATCCCCC ---------- TTT -------- AGTTAAGGGTTAA [577] 
AAAAA --------- GCCTATCCATATTGA ---- CTCCCAAAATA ------- TTTATCCTATCCGC -------- TTTGTTCGTT -------- AACGGTTCA [579] 
AAAAA --------- TCCTAT--A-ATTGA ---- CTCCCWATA ------- TTTATCCTATCCGC -------- TTTTTTCGTT -------- PATGGTTCA [565] 
AAAAA --------- TCCTAG--A-ATTGA ---- CTCCCAAAAAA ------- TTTATCCTATCCGC -------- TTTGTTCGTT -------- AACGGTTCA (569) 
AAAAA --------- TCCTAT--A-ATTGA ---- CTCCCAP.AATA ------- TTTATCCTATCCGC -------- TTTGTTCGTT -------- AACGGTTCA [570) 
APJ\AA --------- TCCTAT--A-ATTGA ---- CTCCCAAAATA ------- TTTATCCTATCCGC -------- TTTGTTCATT -------- AACGGTTCA (570] 
710 	720 	730 	740 	750 	760 	770 	780 	790 	8001 



























Loxostigma sp. nov 
CAPTTCCTT -AGCTTTCTCATTCACTCTATTCTTTTACAAATGGATCT - GAGCGGAAATGGTTTTCTCTTATTACAAGTCTTGTGATATATATGATACAC (6821 
AAATTCCTT - ATCTTTCTCATTCACTCTATTCTTTTAGAAATGGATTT - GAGCGTAAATGGCTTTCTCTTATCACAAGTCTTGTGATATATA'rGATACAC [688] 
- - - -TCCTTTATCTTTCTCATT--------- CTTTTAGAAACGTATTG-GGGCGTAAATGACTTTATCTTATCACA -----TGTGATATAGAA- -TGCAC [6321 
AP,ATTCCTrI'ATCTTTCTCATT --------- CTTTTACWCGTATTG-GGGCGTATGACTTTCTCTTATCACA ----- TGTGATATAGAA- - TACAC [6431 
AAATTCCTTTATCTTTCTGATT --------- CTTTGACAAACGTATTG-GGGTGTAAATGACTTTCTCTTATCACA ----- TGTGATATAGAA--TACAC (670] 
AAATTCCTTTATCTTTCTGATT --------- CTTTTACAAACGTATTT-GGGCGTAAATGAATTTCTTTTATCACA ----- TATGATATAGAA- -TAGAC [664) 
AAGTTCCTTTATCTTTCTGATT --------- CTTTG-CAAACATATTT-GGGCGTAAATGACTTTCTCTTATCACA ----- TGTGATATAGAA--TACAC [662) 
AAATTCCTTTATCTTTCTCATT --------- CTTTTACAAACGTATTT-GGGCGTAAATGACTTTCGCTTATCACA ----- TGTGATATAGAA--TACAC [669] 
AAATTCCTTTATCTTTCTC ------------------ CAAACGTATTT-GGGCGTAAATGACTTTCTCTTATCACC ----- TGTGATATAGAA- -TACAC [669] 
APATTCCTTTATCTTTCTC ------------------ CAAACGTATTT - GGGCGTAAATGACTTTCTCTTATCACA -----TGTGATATAGAA- - TACAC [6701 
AAATTCCTTTATCTTTCTAATT --------- GTTTTACAAATGTATTT-GGGCGTAAATGACTTTCTCTTATCACA ----- TGTGATATAGAA- -TACAC [661] 
AAATTCCTTTATCTTTCTAATT --------- GTTTTACAAATGTATTT - GGGCATAAATGACTATCTCTTATCACA -----TGTGATATAGAA- - TACAC [6621 
AAATTCTTTTATCTTTCTAATT --------- GTTTTACAAATGTATTT-GGGCGTAAACGACTTTCTCTTATCACA ----- TGTGATATAGAA- -TACAC [657) 
AAATGCGTTTCTCTTTCTAATT --------- GTTTTACAAATGTATTT - GGGCGTAAATGACTTTCTCTTATCACA -----TGTGATATAGAA- - TACAC [668] 
AAATGCGTTTATCTTTCTAATT --------- GTTTTACAAATGTATTT-GGGCGTMiATGACTTTCTCTTATCACA ----- TGTGATATAGAA- -TACAC [668] 
AAATTCCTTTATCTTTCTAATT --------- GTTTTACAAATGTATTT-GGGCGTAAATGACTTTCTCTTATCACA ----- TGTGATATAGAA--GAAAC [681] 
AAP.TTCCTTTATCTTTCTAATT --------- GTTTTACAA-TGTATTGGGGCCGTAAATGACTTTCTCTTATCACA ----- TGTGATATAGAA- -GACAC [670] 
AAATTCCTTTATCTTTCTAATT --------- GTTTTACAAATGTATTT - GGGCGTAAATGACTTTCTCTTATCACA -----TGTGATATAGAA- - GACAC [667) 
AAATTCCTTTATCTTT-------- ---------------------------------------------------------------------------- [563) 
AAATCCCTTTATCTC ---------------- CTTTT ------ GTATTT-GGGCGGAAAAAACTTTCTCTTCTGACA ----- TGTGATATAGAA- -TCCCC [673) 
AAATCCCCTT------------ - - ----- - --------------- TTT-GGG-GTAAATAACTTTCTCATATCACA ------------T-GAA--TACCC [618] 
GAATCCCTTTTTGTTTGTATTT--------------------- TATTT-GGGCGTAAAAAACTTTCTCTTATCACA ----------------------CT [641] 
GAATCCCTTTTTG------------------------------ TATTT-GGGCGTAAAAAACTTTCTCTTATCACA ----------------------CT [624] 
AAATTCCTTTATCTTTCTAATT --------- CTTTTACAAATGTCTTT-GGGCGTAAATGACTTTCTCTTATCACA ----- TGTGATATGGAA--TACAC [662] 
AAATTCCTTTATCTTTCTAATT --------- CTTTTAGAAATGTTTTT - GGGCGTAAATGACTTTCTCTT------------- TGATATAGAA - - TACAC [640) 
AAATTCCTTTATCTTTCTAATT --------- CTTTTACAAATGTCTTT - GGTCGTAAATGACTTTCTCGTCTCACA -----TGTGATATAGAA - - TATAC  
AAATTCCTTTATCTTTCTAATT--------- CTTTTACAAATGTCTTT-AGTCGTAAATGACTTTCTCTTCTCACA -----TGTGATATAGAA--TATAC  
AAATTCCTTTATCTTTCTAATT --------- CTTTTAGAAATGTCTTT - GGTCGTAAATGACTTTATCTTCTCACA -----TGTGATATAGAA- - TATAC [653) 
810 	820 	830 	840 	8S0 	860 	870 	880 	890 	9001 



























Loxostigma sp. nov 
ATAGAATCAAAAGCTTTGAACAAGGAATCCCTAGTTGAATGATT - - CCC - GATC-----AATATCATTACTCATACT - - - - GAAACTTACAAAGTCATC [770] 
ATAGPAATGAACGTCTTTGAGCAAGGAATCCCTAGTTGAATGATT - - CCC - TATC-----AATATCATTACTCATACT - - - GAAACTTACAAAGTCATC [7761 
ATACAAATTAA --------- GCAAGGAATCCCTATGTGAATGATT -- CAC - AATC-----AATAGCATTACTCACACT - - - GAAACTTACAAAGACGTC [7111 
ATCCAAATTTA --------- GCAAGGAATCCCTATGTGAATGATT- -CAC-AATC -----AATAGCATTACTCATACT- - -GAAACTTACAAAGTCGTC (722] 
ATCCAAATTAA --------- GAAAGGAATTCCTATTTGAATGATT - - CAC - AATC-----AATAGCATTACTCATACT - - - GAAACTTAGAAAGTCGTC [749] 
ATCCAAATTAA --------- GCAAGGAATCCCTATTTTAATCATG -- CAC - AATC-----AATAGCATTACTCATACTTACTGAAACTTACAAAGTAGTC [7471 
ATCCAAATGAA --------- GCAAGGAATTCCTATTTGAATGATT - - CAC-AGTC -----AATAGCCTTACTCATACT - - -GAAACTTAGAAAGTCGTC [7411 
ATCCAAATTAA --------- GCAAGGAATCCCTATTTGATTGATT -- CAC - AATC -----AATAGCATTACTCATACT- - - GAAACTTACAAAGTCGTC [7481 
ATCCAAATTAA --------- GCAAGGAATCCCTATTTGAATGATT- -AAC-AATC-----AATAGCATTACTCATACT- - -AAAACTTACAAAGTCGTC [7481 
ATCCAAATTAA --------- GCAAGGAATCCCTATTTGAATGATT - - CAC -AATC-----AATAGCATTACTCATACT - - - GAAACTTTAAAAGTCGTC [749] 
ATCCPJ\ATTAA --------- GCAAGGAATCCCCATTGGAATGATT - - CAC - AATC -----AATAGCATTACTCATACT - - - GAAACTTACAAAGTCGTC [7401 
ATCCAAATTAA --------- GAAAGGAATCCCTATTGGAATGATT - - CAC - AATC -----AATAGCATTACTCATACT - - -GAAACTTACAAAGTCGTC [741] 
ATCCAAATTAA --------- GCAAGGAATCCCTATTGGAATGATT- -CAC -AATC -----AATAGCATTACTCATACT- - - GAAACTTACAAAGTCATC [7361 
ATCCAAATTAA --------- GCAAGGAATCCCTATTTATTTGATT- -CAC-AATC -----AACAGCATTACTCATACT- - -GAAACTTACAAAGTCGTC [747] 
ATCCAAATTAA --------- GCAAGGAATCCCTATTGGAATGATT - - CAC - AATC -----AACAGCACTACTCATACT - - - GAAACTTACAAAGTCGTC [747) 
ATCCAAATTAA --------- GCAAGGAATCCCTATTGGAATGATG- - CAC -AATC -----AATAGCATTACTCATACT- - - GAAACTTACAAAGTCGTC [760] 
ATCCAAATTAA --------- GCAAGGAATCCCTATTGGAATGATT -- CCC - AATC -----AATAGCATTACTCATACT - - - GAAACTTACAAAGTGGTC [749] 
ATCCAAATTAA --------- GCAAGGAATCCCTATTGGAATGATT- - CAC-AATC -----AATAGCATTACTCATACT- - -GAAACTTACAAAGTCGTC (746] 
[563] 
ATCCAACTTAA --------- GCAAGGAATCCTTATTGGAATGATT- - AT-AATCAATAGAATAGCATTACTCATAAT- - -GAPACGCACAAAGTCTTC [757] 
ATCCAAATTAA --------- GAAAGGAATCTCTATTGTAATGATT- - CAC-AATC -----AATAGCATTACTCATACT - - -GAAATTTACAAAGTAGTC [697] 
TTGCAAATTAA --------- TCAAGGAATCTCTATT ----- GATT- - CAGTAATC -----AATAGCATTACT---------- GAAACTTACAAAGTCGTC [7101 
TTGCAAATTAA --------- TCAAGGAATCTCTATT ----- GATT- - CAGTAATC ----- AATAGCATTACT----------GAAACTTACAAAGTCGTC (693] 
ATTCAAATGAA --------- GCAAGGAATCCCTArrGGAATAATT- - CAC-AATC -----AATAGCATTACGCATACT- - -GACACTTACAAAGTCGTC [741) 
ATTCAAATAAA --------- GCAAGGAATCCCTATTGGAATAATTTTCAC -AATC -----AATAGCATTACGCATACT - - - GACACTTAGAAAGTCGTC  
ATTCAAA ------------------ GAATCCTTATTGGAATAATT- -CAC-AATC -----AATAGCATTACGTATACT- - -GATACTTACAAAGTCGTC  
ATTCAAA ------------------ GAATCCTTATTGGAATAATT - - CAC -AATC -----AATAGTTTTACGCATACC - - - GATACTTACAAAGTTGTC  
ATTCAAA ------------------ GAATCCTTATTGGAATAATT- - CAC-AATC -----AATAGCATTACGCATACT- - -GATACTTACAAAGTTGTC [723] 



























Loxostigma sp. nov 
910 	920 930 940 	950 	960 	970 980 	990 	10001 
TTTTTGAPkGATCGAAGAAAT - - - - TCCCCG ------ CCTTTGATAAAATTTTGTAATCGACTTTTGTCCTTTT ----- ATTGACATAGACCCCAGTTCT [855) 
TTTTTGAAGATCGAAGAAAT - - - - TCCCCG ------ GCTTTGAGAAAATTTT - TAATCTACTTTTGTCCTTGT----- AATTGACATAGACCCCAGTTCT [860) 
TTTTTGAAAATCCAAGAAATTACATACAGG ------ ACTTGAGCAAAACTTTCCAATCCCC - CTTGTACCTTT----- AATTGPCATAGACCCCAGTCAT (799) 
TTTTTGAAGATCCAAGAAA------- CAGG------ ACTTGGAGAAAACTTTGTGATCCCCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAT [804] 
TTTTTGAAGATCCAPGAAAT - - - - TACAGG ------ ACTTGGAGAAAACTTTATAATCCCCCCTTGTCCCTTTATTTAATTGACATAGACCCCAGTCCT [839] 
TTTTTGAAGATCCAAGAAAT - - - - TACAGG ------ ACTTGGAGAAAPCGTTGTAATCCCCCCTTGTCTCTTT ----- AATTGACATAGACTCCAGTAAT [832] 
CTTTTGAAGATCCAPiGAAAT ---- TACAGG------ ACTTGGAGAAAACTTTGTAATCCCCTCTTGTCCCTTT----- AATTGACATAGACCACAGTTAT [826] 
TTTTTGAAGATCCAAGAGAT - -- - TACAGG------ ACTTGGAGAAAACTTTGTAATCCCCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAT (833) 
CCAAGAGAT ---- TACAGC ------ ACTTGGAGAAAJkCTTTAAAATC-CCCCTTGTCCCTTT ----- APTTGACATAGACCC-AGCCAT [820) 
TTTTTGAAGATCCAAGAGAT - -- - TACAGG------ ACTTGGAGAAAACTTTATAATC - CCTCTTGTCCCTTT----- AATTGACATAGACCC - AGCCAT [832] 
TTTTTGAAGATCCAAGAGAT - -- - TACAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAT  
TTTTTGAAGATCCAAGAGAT - -- - TACAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCTTTT----- AATTGACATAGACCCCAGTCAT  
TTTTTGAGATCCAAGAGATTACATACAGG ------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT ----- AATTGACATAGACCCCAGTCAT [825) 
TTTTTGAAGATCCAAGAGAT - -- - TACAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAC [832] 
TTTTTGAAGATCCAAGAGAT - -- - TACAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAC [832] 
TTTTTGAAGATCCAPGAGAT - - - - TACAGGTACAGGACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAC [851] 
TTTTTGAGATCCAAGAGAT ---- TACAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCAC [834] 
TTTTTGAP.GATCCAAGAGAT- --- TACAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCTTGTCCCTTT-----AATTGACATAGACCCCAGTCAC [831) 
TACAGG ------ PCTTGGAGAAAACTTTG-AATCTTCCCTTGTCCCTTT ----- AATTGACATAGACCCCAGTCAC [627) 
TTTTTGAAGATCCAAGAGAT ---- TCGAGG ------ ACTTGAAGAAAACTTTGTAPTCTTCCCTTGTCCCTTT ----- AATTGACATAGATCTCAGTCCT [842] 
TTTTTGAAAATCTAAGAGAT - -- - TAGAGG------ GCTTGGAGAAAACTTTGTAATCTTTCCTTGTCCTTTT----- ATTGACATAGATCCCAGTCCT [782] 
TTTTTGAAGATCTAAGAGAT ---- TAPAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCCTGTTCCTTT-----AATTGACATAGACCCCCGTCCT [795] 
TTTTTGAAGATCTAAGAGAT - -- - TAAAGG------ ACTTGGAGAAAACTTTGTAATCTTCCCCTGTTCCTTT-----AATTGACATAGACCCCCGTCCT [778] 
TTTTTAAAGATCCAAGAGG----------------- ACTTGGAGCAAACTTTGTAATTTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCCT [819) 
TTTTTAAAGATCCAAGAGAT - -- - TCGAGA------ ACTTGGAGAAACTTTGTAATTTTCTTTTGTTCCTTT----- AATTGACATAGACTCCAGTCCT (806] 
TTTTTAAAGATCGAAGAGAT - - - - TAGAGG------ ATTGGGAGAAAACTTTGTAATTTTCTCTTGTCCCTTT-----AATTGACATAGACCCCAGTCCT [807) 
TTTTTAAAGATCCAAGAGAT - -- - TAGAGG------ACTTGGAGAAAACTTTGTAATTTTCCCTTGTCCCTTT----- AATTGACATAGACCCCAGTCCT [808] 
TTTTTAAAGATCCAAGAGAT - -- - TAGAGG------ATTTGGAGAAAACTTTGTAATTTTCCCTTGTCCCTTT-----AATTGACATAGACCCCAGTCCT [808] 
[ 
1010 	1020 	1030 	1 
I 
Schizanthus x wisetonensjs CTAATAAAATGA-----GGATACTGCATTGGGAATAG [887] 
Nicotiana 	tabacum CTAATAAAATGA-----GGATACTACATTGGGAATAG [892] 
Antirrhinum 	maj us CTCATAAAATGAGCATGGGATGCTAGATTGGTGG [8361 
Tetranema 	mexicana CTAATAAAATGAGGATGGGATGCTACATTGGGAATGG [841] 
Paulownia 	tomentosa CTAATAM.ATGAGGATGGGATGCTCCCTTGGGCATGG [8761 
Scrophularia 	canina CTAATAAAATGAGAATGGGATGCTACATTTGGAATGG [8691 
Rehmann i a 	glut i nosa CTAATAAAATGAGGATGGGATACTACATTGGGAATGG [863] 
Peltanthera 	floribunda CTAATAkAATGAGGATGGGATGCTACA?????????? [8701 
Calceolaria 	arachnoidea CTAATAMATGAGGATGGGATGCTACATGGGGAATGG [857] 
Jove 11 ana 	punctata CTAATAAAATGAGGATGGGATGCTACATGGGGAATGG [869] 
Besleria 	labiosa CTCATAAAATGAGGATGGGATGCTACATTGGGAATGG  
Napeanthus 	reitzi i CTCATAAATGAGGATGGGATGCTACATTGGGAATGG  
Titanotrichum 	oldhamii CTCATAAAATGAGGATGGTATGCTACATTGGGAATGG [862] 
Fieldia 	austral is CTCATAAAATGAGGATGGGGTGCTACATTGGGAATGG [869] 
Mitrarja 	coccinea CTCATAAAATGAGGATGGGGCGCTACATTGGGAATGG [869] 
Kohieria 	eriantha ATCATAAAATGATGATGGGA?G???C??????????? [8881 
Chrysothemis 	pulchella CTCATAAAATGAGGATGGGATGTTACAGTGGGAATGG [871] 
Sinningia 	schi f fneri ATCCTAAAATGAGGATGGGATGTTACATTGGGAATGG [868] 
Gesneria 	humi ii S ATCATAAAATGATGATGGGGTGTTACATTGGGAATGG [6641 
Rhynchog los sum 	hologl ossum CTAATAAAATGGGGGTGAAATGCTACATTGGGAATGG [8791 
Whytockia 	sasakii CTAATAAAATGAGGGTGGGCTGCTAGATTGGGAATGG [8191 
Epi thema 	taiwanense CTATAAAATGAGCGTGGACTGCTCTATTGGGAATGG [8321 
Epithema 	benthami i CTAATAAAATGAGGGTGGGCTGCTCTATTGGG?A?GG [8151 
Ramonda 	myconi ATATWiATGAGGATGGGATGCTACATTGGGAATGG [856) 
Streptocarpus 	hoisti i CTAATAAAATGAGGATGGGATAATACATTAGGAATGG [8431 
Di dymocarpus 	ci tr inus CTAATAPJ½ATGGGGATGGGATGCTACATTGGGAATGG [8441 
Cyrtandra 	apiculata CTAATAAAATGAGGATGGGATGCTACATTGGGAATGG (845] 
Loxos t igma 	sp. nov CTAATAAAATGAGGATGGGATGCTACATTAGGAATGG [845] 
APPENDIX 2. Aligned matrix for the atpB-rbcL region (Chapter 2) 
EXSET atpBbcL no amb = 371-386 450-456 529-537 686-694; <- excluded sites for analysis * 
[attpb-rbcl 
Likelihood settings from best-fit model (TVM+G) selected by hLRT & AIC in Modeltest Version 3.06 
[BEGIN PAUP; 































Loxostigma sp. nov. 
10 	20 30 	40 	50 	60 70 	80 	90 	1001 
? ? ? ? ? ? ? GTATCTAATTAAAAA------ GAA.ATGTCCGCTAGCACGTCGATCGGTTAATTCAATA-------AAATGGGAATTAGCACTCGATT - TCGTT [86] 
GCAAAAATTATCGAATTCAAAA ------ TAAATGTCCGCTAGCACGTCGATCGGTTAATTCAATA ------- AAATGGGAATTAGCACTCGATT -TCGTT [86] 
GTGAAAATTATCGAATTCAAAC------ TAAATGTCTGATAGCACGTCGATCAGTTAATTCAATA-----AGAAATGGAAGTTAGCACTCGATT-TCGTT [88] 
GTGAAAATTATCGAATTCAAAA ------ GAAATGTCTGATAGCACGTCGATCAGTThATTCAATA ----- AGAAATGGGAGTTAGTACTCAATT- TCGTT (88] 
??????????TCGAATTCAAAA ------ TAAATGTCCGATAGCACATCGATCAGTTAATTCAATA-----AGAAATGGGAGTTAGCACTCGATT-TCGTT [88] 
GTGAAAATTATCAAATTCAAAA ------ TAAAGGTCCGATAGCACGTCGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT -TCGTT [88] 
GTGAAAATTATCGAATTAAAAA ------ TAAATGTCCGATAGCACGTTGATCAGTTAATTCAATA ----- AAAAATGGGAATTAGCACTCGATT - T----  [84] 
GTGAAAATTATCGAATTCAAAA ------ TAAATGTCCGATAACACGCCGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT-TCGTT (88] 
GTGAAAATTTGCGAATTCAAAATAAATATAAATGTCCGATAGCACGTCGATCAGTTAATTCAACA-----AGGAATGGGAGTTAGCACTTGATT - TCGTT [94] 
GTGAPAATTTGCGAATTCAAAA ------ TAAATGTCCGAThGCACGTCGATCAGTTAATTCAACA ----- AGGAATGGGAGTTAGCACTCGATT-TCGTT [88] 
GTGAAAATTATCGAATTCAAAA ------ TAAGTGTCCGATAGCATGTCAATGAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT - TCGTT [88] 
GTGAATTATCGAATTCAAAA.A-TAAGTGTCCGATAGCACGTCGATCGGTTAATTCAATA ----- AGAAATGGGAATTAGGACTCGATT-TCGTT [93] 
GTGAAAATCATCGAATTCAA1A ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTCAATA ----- CGAAATGGGAGTTAGCACTCGATT -TCGTT [88] 
GTGAAAATTATCGAATTCAAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT -TCGTT [88] 
GTGAAAATTATCGAATTCCAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTCAATA ----- AGAAAAGGGAGTTAGCACTAGATT -TCGTT [88] 
GTGAAAATTATCGAATTCCAAA------ TAAGTGTCCGATAGCACGTCGATCGGTTAATTCAATA-----AGAAATGGGAGTTAGCACTAGATT-TCGTT [88] 
GTGAAAATTATCGAATTCCAAA ------ TAAGTGTCTGATAGCACGTCGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT -TCGTT [88] 
GTGAAA.ATTCTCGAATTCCAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT - TCGTT [88] 
GTGAAAATCATCGAATTCCAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCGATT -TCGTT  
GTGAAAATTATCGAATTCAAAAT ----- AAAGTGTCCAAGAGCACATCGATCAGTTAATTCGCTA ----- AGAAATGGAAGTTAGCACTCGATT-TTGTT  
GTGAAAATTATCGAATTCAAAAT ----- TAAGTGTCCAATAGCGCGTTGATCAGTTAATTCAATA ----- AGAAATGGGAGTTAGCACTCAATC-TTTTT [89] 
GTGAAAA?TCTCGAGTTCAAAATAAAATTAAGTGG ? CAATAGCACGTCGATCAGTTAATTCAATA-----AAAAATGGGAGTTAGCACTCGATT - TTGTT [94] 
GTGAAAATTATCGAATTCAAAATAAAATTAAGTGGCCAATAGCACGTCGATCAGTTAATTCAATA- - -AAATAATGGGAGTTAGTACTCGATTGTTGTT [96] 
GTGAAAATTATCGAATTCAAAAT ----- TTAGTGTCCGATAGCACGTCGATCAGTTAATTCAATTCAATAAGAAATGGGAGTTAGCACTCGATT-TCGTT [94] 
GTGAAAATTTTCGAATTTAAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTTAATA ----- AGAAATGGGAGTTAGCACTCGATT - TCGTT [88] 
GTGAAAATTATCGAATACAAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTTAATA ----- AGAAATGGGAGGTAGCACTCGATT-TCGTT [881 
GTGAAAATTATCGAATTCAAAA ------ TAAGTGTCCGATAGCACGTCGATCAGTTAATTTAATA ----- AGAAATGGGAGTTTGCACTCGATT-TCGTT [88] 
GTGAAAATTATCGAATTCAAAA ------ TAAGTGTCCGATAGCACATCGATCAGTTAATTTAATA ----- AGAAATGGGAGTTAGCACTCGATT - TCGTT [88] 
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110 	120 130 	140 	150 	160 170 	180 	190 	2001 
GGCACCATGCA - AT - - - - TGAA- CCAATTAAATTGTTTACTTATT - TAATGAGAC---------- TGAGTGAATTTGCAAGCTCACCCAArrGA [1631 
GGCACCATGCA-AT ---- TGAA - CCGATTCAATTGTTTACTTATT-CACTGAGAC---------- TGAGTGAATTTGCAAGCCCACCCAACCTA 11631 
ATCGTTGGTGCCATCCA - AT - - - - CGAATCCAATTCAATTGTTTACTTATT - CAA---------------- CAAGTGAATTTGCAAGCTCAACCAACCTG [166] 
GGTGCCATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATT-TAA---------------- TAAGTGAATTTGAAAGCTCAACCAAGCTA [1601 
GGTGCCATCCA- AT- - - - CGAATCCAATTCAATTGTTTACTTATT - CAATTTTATTCAATTTCAATGAGTGAATTTGCAAGCTCAACCAAGCTA [176] 
GGTACCATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATT-CAA---------------- TGAATGAATTTGCAAGCTCAACCAAGCTA [160] 
CGAATCCAATTCAATTGTTTACTTATT-CAA---------------- TGAGGGAATTTGCAAGCTCAACCAAGCTA [143] 
GGTGCCATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATT- CAA---------------- TGAATGAATTTGCAAACTCAATCAAGCTA [160] 
GGTGCCATCTA-AT ---- CGAATCCAATTCAATTGTTTACTTATT-CAA ---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [166] 
GGTGCCATCCA- AT - - - - CGAATCCAATTCAATTGTTTACTTATT - CAA---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [160] 
GGTGCCATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATT- CAA---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [160] 
GGTGCCATCCA- AT - - - - CGAATCCAATTCAATTGTTTACTTATT- CAA---------------- TGAGTGAATTTGAAAGCTCAACCAAGCTA [165] 
GGTGCCATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATT- CAA---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [1601 
GGTGCCATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATG-AAA ---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [1601 
GGTGCCATCCA-AT ---- CAACTCCAATTCAATTGTTTACTTATT- CAA---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [160] 
GGTGCCATCCA-AT ---- CAACTCCAATTCAATTGTTTACTTATT- CAA----- - - --------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [160] 
GGTGCCATCCA-AT - -- - CAACTCCAATTCAATTGTTTACTTATT-CAA---------------- TGAGTGAATTTGCAAGCTCAACCAAGCTA [160] 
GGTGCCATCCA- ATCAACCAACTCCAATTCAATTGTTTACTTATT - CAA---------------- TCAGTGAATTTGCAAGCTCAACCAAGCTA [164] 
GGTGCCATCCA-AT - -- - CAACTCCAATTCAATTGTTTACTTATT-CAA---------------- TGAGGGAATTTGCAAGCTCAACCAAGCTA [160] 
GGTGCTGT ---------- TGAATCCAATTTAATTGTTTACTTATT - CAA---------------- TGAGTGAATTTGAAAGTTCGACGAAGCTA [1561 
GGTGCTATCCA- AT - - - - CGAATCCAATTCAATTGTTTACTTATT - CAA---------------- TGAGTGAATTTGAAAGCTCAACCAAGCTC [1611 
GGTGCTATCCA-AT -- - - CCAATCAAATTCAATTGTTTACTTATT-CAA---------------- TGAGTGAATTTGAAAGCTCAACCAACCTA [166] 
GGTGCTATCCATAT ---- CCAATCAAATTCAATTGTTTACTTATT- CAA---------------- TGAGTTAATTTGAAAGCTCAACCAACCAA [169] 
GGTGCTATCCA-AT ---- CGAATCCAATTCAATTGTTTACTTATTTCAA---------------- GGAGTTAATTTACAAGCTCAACCAAGCTT [167] 
GGTGCTATCCA - AT - - - - CGAATCCAATTCAATTGTTTACTTATTTGAA ---------------- GGAGTTAATTTACAAGCTCAACCAAGCTT [161] 
GGTGCTATCCA-AT ---- CGAATGCAATTCAATTGTTGACTTATTTCAA---------------- GGAGTGAATTTACAAGCTCAATCAAGCTT [1611 
GGTGCTAGCCA-AT ---- CGACTACAATTCAATTGTTTACTTATTTCAA ---------------- GGAGTGAATTTACAAGCTCAATCAAGCrr [1611 
GGTACTATCCA-AT - - - - CGAATACAATTCGATTGTTTACTTATTTCAA---------------- GGAGTGAATTTACAAGCGCAATCAAGCTT 11611 



























Loxostigma sp. nov. 
210 	220 	230 	240 	250 	260 	270 280 	290 	3001 
TTTTTTTACCTTTTTTTTGATCTCAAGTGGATGAATTAGAATCTTGATAAAGTCTTTCATTTGTCTATCATT-----------------CCCATCCAT - -  
TTTT --- AA- -TTTT-AAATCTCAAGTGGATGAATCAGAATCTTGAGAAAGTCTTTCATTTGTCTATCATTATA--------GACAATCCCATCCAT- - [2471 
TTTTGAAAGTAGCAAGTGGATGAATAAGGATCTTGAGAAGTTTTTCATTTGTCTATCATTATA--------GACAATCCCATCTAT- -  
TTTTGAAAACGTCAAGTGGAT ------- GATCTTGAGAAAGTTTTTGATTTGTCTATCATTATA -------- GACAATCCCATCTAT- - [2321 
TTTTGAMATTTCAAGTGGATGAPTAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT- - [255] 
GTTTGAAAATTTCAAGTGGATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT- - [239) 
TTTTAAAAATTTCAAGGGGATGATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCGTCTAT - - [222] 
TTTTGAAAATTTCAAGTGGATGAATAGGGATCTTGAGAAAGTTTTTCATTTGGCTATCATTATA --------GCCAATCCCATCTAT- - [239] 
TTTCAAAAATGTAAAGTGAATTAATAAAGATCTTGCGAAAGTTTTTCGTTTGTCTATCATTATA --------GACAATCCCGTTTAG- - [245] 
TTTCAAAAATGTAAAGTGAATGAATAAAGATCTTGAGAPAGTTTTTCGTTTGTCTATCATTATA --------GACAATCCCATTTAG - - [239] 
TTTTGAGAATTTCAAGTGTATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT- - (239) 
TTTTGAAAATCTCAAGTGTATTAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT - - [244) 
TTTTGAAATTTCAAGTGTATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATATAT - - [239] 
TTTTGAAAATTTCAAGTGTATGAATAAGGATCTTGATAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT - - [239] 
TTTTAAATTTCAJ'.GTGTATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT - - [239] 
TTTTGAAAATTTCAAGTGTATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCTATCTAT- - [239) 
TTTTGAAAATTTCAAGTGTATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAPTCCCATCThT - -  
TTTTGAGATTTCAAGTGTATGATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA -------- GACAATCCCATCTAT - - [243] 
TTTTGAAAATTTCAAGTGGATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCCCATCTAT- - [239) 
TTTTGAAAATTGCAAGTGTCTGAATAGGGATCTTGATAAAGTTTTTCATTTGTCTATCATTATA -------- GACAATCCCTTATAT - - [235] 
TTTTGAAAATTTCAAGTGTAT ------ GGATCTTGATTAAGTTTGTCCTTTGTCTATTATTATA -------- GACAATCCCATTTTT- - [234] 
TTTAGGAAATTTCAAGTG?ATG?AT? ?GGATCTTAAGAAAGTTTGTCTTTAGTCTATTATTATTCAAT?ATAGACAATCCCTTTTATTA [255] 
TTTGGAAATTTCAAGTGTATGCATAAGGATCTTGAGAAAGTTTGTCATTTGTCTATTATTATAGAAT --- AGACAATCCCATTTTT- - [253] 
TTTTGAAAATCTCAAGGGTATGAATAAGGATCTTGAGAAAGTTTTTCATTTGTCTATCATTATA --------GACAATCTCATATATAA [2481 
TTTTGAAAATCCCAAGGG -------- AGGATCTTGAGAAAATTTTTCATTTGTCTATCATTATA -------- GAAAATCCCATCTAT- - [232] 
TTTTGAAAATCTCAAGGGTATGAATAAGGATCTTGAGAPATTTTTCATTTGTATATCATTATA --------GACAATCCCATCGAT- -  
TTTTGAAAATCTCAAGGGTATGAATAPGGATCTTGAGAAAATTTTTCATTTGTATATCATTATA --------GACAATCCCATCTAT- - (240] 
TTTTGAAAATCTCAAGGGTATGAATAAGGATCTTGAGAAAATTTTTCATTTGTATATCATTATA --------GACAATCCCATCTAT - - [2401 



























Loxostigma sp. nov. 
310 	320 	330 340 	350 	360 	370 380 	390 	4001 
ATTATAT------------------------- GGAATTCGAACCTGAACTTTATTTTCAATATTTTCCATTTCTATTACGATTCATTA- [3071 
ATTATCT------------------ ATTCTATGGAATTCGAACCTGAACTTTATTTTCT--------- ATTTCTATTACGATTCATTA-  
ATTATATAAAAT------------- ATTTTATGGAATTCGAACCCAAACTCGATTTACA---------------- TTACGATTAATTA- [304] 
ATTATATAAAAT------------- ATTCTATGGAATTCGAACCCGAACTCTATTTACA---------------- TTACGATTCATTA- [291] 
ATTATATAAAAT ------------- ATTCTATGGAATTCGAACCCGAACTCTATTTACA ---------------- TFACGATTCATTA- [3141 
ATTATATAAAAT------------- ATTCTATTGAATTCGAACCCGAACTATATTTACA---------------- TTACGATTCGTTA- [298] 
ATTATAGAAAAT ------------- ATTCTATGGAATTCGAACCCGAACTCTATTTACA ---------------- TTACGATTCATTA- [281] 
ATTATATAAAAT------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA---------------- TTACGATTCATTA- [298] 
ATTATATAAAATATTCTATTAAAATATTCTATGGAATTAGAACCTGAACTCTATTTATA---------------- TTACGATTCATTA- [317] 
ATTATATAAAAT------------- ATTCTATGGAATTAGAACCTGAACTCTATTTATA---------------- TTACGATTCATTA- (298] 
ATTATATAAAAT------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA---------------- TTACGATTCATTA- (298] 
ATTATATAAAAT------------- ATTCTATGGAATTCGAACCTGAACTCTATTTTCA---------------- TTACGATTCATTA- [3031 
ATTATATAAP.AT ------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA ---------------- TTACGATTTATTA- [298] 
ATTATAGAAAAT------------- ATTCTATTATATTCGAACCTGAACTCTATTTACA---------------- TTACGATTCATTA- [298] 
ATTATATAAAAT------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA---------------- TTACGATTCATTA- [298] 
ATTATATAFACT ------------- ATTCTACGGAATTCGAACCTGAACTCTATTTACA ---------------- TTACGATTCATTA- [298] 
ATTATATAAAAT ------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA ---------------- TTACGATTCATTA - [298] 
ATTATATAAAAT------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA---------------- TTACGATTCATTA- [302] 
ATTATATAAAAT------------- ATTGTATGGAATTCGAACCTGAACTCTATTTACA---------------- TTACGATTCATTA- [298] 
ATTATATAAAAT------------- CATATATGGAATTCGAACCCGAACTCTATTTAGA---------------- TTACGATTCCATA- [294] 
TTTATATAAAAT------------- ATTCTATGGAATTCGAACTCGAACTCTATTTACA---------------- TTACGATTCATTAA [294] 
TATTATATTAAATTATATAAAATAT -------- AATATTCTATGGAATTCGAACCTGAACTCTATTTACA --------- TTACG - - TTACGATTCATTA- [335] 
TTTTATAATAGAATATTTTATATTTTATTTTTATGGAATTCGAACCTGAACTCTATTTACA --------- TTACG - - TTACGATTTATTA- [332] 
TATAT ------ ATTATATAAAP.T ------------- ATTCTATGGAATTCGAACCTGAACTCTATTTACA ---------------- TTACGATTCATTA- [312] 
ATTATATAAAAT------------- AGTCTATGGAATTCGAACCTGAACTATATTTACA---------------- TTACGATTCATTA- [2911 
ATTATATAAAAT ------------- AGTCTATGGAATTCGAACCTGAACTCTATTTACTCATTATTF-CTATCTT ----- ATTCATTA-  
ATTATAAAAAAT------------- AGTCTATGGAATTCGAACCTGAACTCTATTTACT------------------------ CATTA- [291] 
ATTATATAAfiAT ------------- AGTCTATGGAATTCGAACCTGAACTCTATTTACTCATTATTT CTATCTT-----ATTCATTA - [309] 



























Loxostigma sp. nov. 
410 	420 430 440 	450 460 470 480 	490 	5001 
TTTG ----- TATCTAATT ------ AGCTCTTC-TT ------- ATTTTTT ------- TTTT ------ CAGCATATC ------ GATTTAT ------------ [357] 
TTTG -----TATCTAATT------ GGCTCCTC-TTCTTATTTATTTTTG------- ATTTCAATTTCAGCATATC------GATTTATGCCTA------- (3761 
TTTC ----- TATCGTATT ------ GGCTCTTC-TT ------- ATTTTTT ------- ATTT ------ CAGTCTATT ------ GATTTACGCCTATA ----- [361) 
TTTC ----- TATCTTATTCTTATTGGCTCTTCGT -------- ATTTTTT ------- ATTT ------ CAGCATATT ------ GATTTACGCCTATA ----- (354) 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- AGTTTTT ------- ATTT ------ CAGCATATTCTATT-GATTTACGCCTATA ----- [376) 
TTTC -----TATCTTATT------ GGCTCTTC-TT -------CTTTTTT------- ATTT------ CAGCATATT ------GGTTTACGCATATA----- [3551 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTTTTG ------- ATTT ------ CAGCATATT ------ GATTTATACATATA ----- [338) 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTTTTTATT-ATTATTT ------ CAGCATATG ------ GATTTACGCCTATA ----- (361] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTTTAT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATT ----- [374] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTTTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATT ----- [355] 
TTTCTATCTTATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT -TGTTTATTT------ CAGCATATG------GATTTACGCCTATA----- [365] 
TTTC ----- TATCTTATT ------ GGTTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA----- [360] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA ----- (355] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGCTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA ----- [355) 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA ----- [355] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA----- [355] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA ----- [355) 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTAGGCCTATA ----- (359] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATG ------ GATTTACGCCTATA ----- [355) 
TTTC -----TATCTTATT------ GGCTCTTCATT -------ATTGTTT------- ATTT------CAACATATG ------GATTTACGTCTCTAACCTA (357] 
TTTA ----- TATCTTGTT ------ TGCTCTTC-TT ------- ATTGTTT ------- ATrr ------ CAGCATATG ------ GATTTACGCCTATA ----- [351] 
TTTT ----- T -------------- TGCTCTTC-TT ------- AATTGTT ---- ATTGTTT ------ CAGCATATGGATATGGATTTACGGCTATAGCC [396] 
TTTT ----- TATCTTATT ------ TGCTCTTC-TT ------- AATTGTTCTTGTTTATTT ------ CAGCATATGGATATGGATTTACGCCTATAGCC-- [405] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATC ------ GATTTACGACTATA ----- [369) 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATC ------ GATTTACGACTATA ----- [348) 
TTTC ----- TATCTTAGT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATC ------ GATTTTCGACTATA ----- (366] 
TTTC ----- TATCTTATT ------ GGCTCTTC-TT ------- ATTGTTT ------- ATTT ------ CAGCATATC ------ GATTTACGACTATA ----- (348) 
TTTC -----TATCTTATT------GGCTCTTC-TT -------ATTGTTT------- ATTT------CAGCATATC ------GATTTACGACTACAGCCTA [371] 
Schizarithus x wisetonensis 
Nicotiana tabacurn 
Antirrhinum majus 
























Loxostigma sp. nov. 
510 520 	530 540 550 560 	570 	580 	590 	6001 
- -GCCTAGCCTATTCTTTGCGTTTTTCTGTCTTTTTTATA-CCTTT- -- CAT----------------AGATTCATAGAGGAATGCCGTAGATTTTCACA [4351 
- -GCCTATTCTTTTCTTTGTGTTTTTCTTTCTTTTTTATA- CCTTT- -- CAT----------------AGATTCATAGAGGAATTCCGTATATTTTCACA [454) 
- -GCCTGCCTATTT-TTTTCATTTTTTTT-------- CTACCCTTT ---  CAT-------------------TTCATACACGAATTCCGACTATTTTCACA  
--GCCTATTCTTTT ----- CGTTTTTTT --------- ATATCTTTT --- CGTTTTTTTTATACCCTTTCATTTCCTAGACGAATTCCGCCTATTTTCACA [435) 
- -GCCTATTCTTTT-----CGTTTTTTT--------- ATACCCTTT- - - CAT ------------------- TTCATAGATGAATTACGCCTATTTTCACA  [438] 
--GCCTATTTTTTT ----- CGTTTTTT ---------- ATACACTTT --- CAT ------------------- TTCATAGACGAATTCCGCCTATTTTCACA [4161 
- -GCCTATTCTTTT-----CGGTTTTTT--------- ATACCCTTT- - - CGT ------------------- TTCAGAGATGAATTGCGCCTATTTTCACA  [4001 
- -GCCTATTCTTTT-----CGTTTTTTT--------- ATACCCTTT- - - CAT ------------------- TTCATAGATGAATTCCGCCTATTTTCACA  [423] 
CTTTT ----- CGTTTTTTTTTTTT ---- ATACCCTTT --- CAT ------------------- TTCATAGACGAATTCCGCCTATTTTGACA [434] 
CTTTT ----- CGTTTTTTTTTTTTTTT-ATACCCTTT --- CAT-------------------TTCATAGACGAATTCCGCCTATTTTCACA [4181 
- -GCCTATTCTTTT-----CGTTTTTTT--------- ATACCCTTT- -- CAT-------------------TTCATAGGCGAATTCCGCCTATTTTCACA [427] 
--GCCTATTCTTTT ----- CGTTTTTTT --------- ATACCCGTT --- CAG ------------------- TTCATAGACGAATTCCGCCTATTTTCACA [4221 
- -GCCTATTCTTTT-----CGTTTTTTT--------- ATACCCTTT- - -CAT-------------------TTCATAGATGAATTCCGCCTATTTTCACA [417] 
--GCCTATGATTTT-----CGTTTTTTT--------- ATACCC------ CAT ------------------------AGACGAATTCCGCCTATTTTCACA [4091 
--GCTTATTCTTTT ----- CGTTTTTTT --------- ATACCCTTT --- CAT ------------------- TTCATAGACGAATTCCGCCTTTTTTCACA [417) 
--GCTTATTCTTTT ----- CGTTTTTTT --------- ATACCCTTT --- CAT ------------------- TTCATAGACGAATTCCGCCTTTTTTCACA [417) 
- -GCTTATTCTTTT-----CGTTTTTTT--------- ATACCCTTT- - - CAT ------------------- TTCATAGACGAATTCCGCCTATTTTCACA  [417) 
--GCTTATTCTTTT ----- CGTTTTTTT --------- ATACCCTTT --- CAT ------------------- TTCATAGACGAATTCCGCCTATTTTCACA [421] 
--GCTTATTCTTTT----- CGTTTTTTG --------- ATACCCTTT---CAT ------------------- TTCATAGACGAATTCCGCCTATTTTCACA [417] 
-AGCCTATTCTTTT-----CGTTTTTTT--------- ATACCCT--------------------------- TTCATAGAGGAATTCCGCCTATTTTCACA [415] 
--GCCTATTCTTTTCTTTTCGTTTTTTT--------- ATACCCTTT-GACAT -------------------TTCATCGACGAATTCCGCCTTTTTTCACA [4201 
-AGCCTATTCTTTT-----CGTTTTTT ---------- CTACCCTTT---CAT ------------------- TTCAT-GACGAATTCTGCCTATTTTCACA [457) 
-AGCCTAT-CTT ------- CGTTTWC?T?????????CTACCCTTT --- CAT -------------------TTCAT-GACGAATTCTGCCTATTTTCACA [473] 
--GCCTATTCTTTT-----CGTTTTTTT --------- ATAC-GTTTT- -CAT -------------------TTCATAGACGAATTCCGCCTATTTTCACA [431] 
--GCCTATATTTT ----------- GTTT --------- ATAC-GTTTT--CAT ------------------------ AGACGAATTCCGCCTATTTTCACA [399) 
- - GCCTATTCTTI'T-----CGTTTGTTT--------- ATACAGTTTT- - CAT -------------------T1'CATAGACGAATTCCGCCTATTTTCACA  
--GCCTATTCTTTT-----CGTTTGTTT--------- ATACAGTTTT--TAT -------------------TTCATAGACGAATTCCGCCTATTTTCACA [411] 
TAGCCTATTCTTTTCTTTTCGTTTGTTT --------- ATACAGTTTT- -CAT -------------------TTCATAGACGAATTCCGCCTATTTTCACA [441] 
610 	620 	630 	640 	650 	660 	670 	680 	690 	7001 



























Loxostigma sp. nov. 
TCTA- -GGATTTACATATACAACATATACCACTGTCAAGGGAGAATTTTTTATTATTTAGGTTAGTTAGGThTTTCCATTTC 	 - - - -GGTAAA [529] 
TCTA- - GGATTTACATATACAACATATACCACTGTCAGGGGGAAGTTCTTATTATTTAGGTTAGTCAGGTATTTCCATTTC GTAAA [552] 
TCTA- - GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTCTTATTAGTTAGTT'r- - - - AGGTATTTCGATTTCAAAAAAAA ----  GGTCAA [518) 
TCTA- - GGATTTACATATACAACATATACCACTGTCAAGAGGGAATTTCTTATTAGTTAGGTT - - - - AGGTATTTTGATTCCAAAAA------- GGTCAA [5221 
TCTA- - GGATTTACATATACAACATATACCACTGTCAAGAGGGAATTTCTTATTAGTTAGGTT - - - - AGGTATTTCGATTCCAAAAAA------ GGTCAA [5261 
TCTA- - GGATTTACATATACAACATATACCACTGTCAAGAGGGAATTTCTTATTCGTTAGGTT - - - - AGGTATTTTGATTTCAAPAAA ------ GGTCAA  
TCTA- - GGATTTACATATACAACATATACCACTGTCAAGGGGGAATTTCTTATTAGTTAGGTT - - - - AGGTATTTTGATTCCAAAAA------- GGTCAA (487) 
TCTA - - GGATTTACATATACAACATAGATCACTGTCAAGAGGGAATTTCTTATTAGTTAGGTT - - - - AGGTATTTCGATTCCAAAAGA------ GGTCAA [511) 
TCTATAGGATTTACATATACAACATATATCACTGTCAAGAGTTAATTTCTTATTAGTTAGGTT ---- CGGTATTTCGATTCCAAAAAA------ GGTAAA [5241 
TCTATAGGATTTACATATACAACATATATCACTGTCAAGAGTGAATTTCTTATTAGTTAGGTT ---- AGGTATTTCGATTCCAAAAAA------ GGTAAA [5081 
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTATTATTAGT'rAGGTT - - - - TAGTATTTCGATTAAP.AA- GA------ GGTCAA [514] 
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTTTTATTAGTTAGGTT - - - - AAGTATTTCGATTAAAAAAAG ------ GGTCAA [510] 
TCTA- - GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTCTTATTAGTTAGGTT - - - - AAGTATTTCGATTAAAAAAAA------ GGTCAA  
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTCTTATTAGTTAGGTT- - - -AAGTATTTCGATTCAAAAAAA------ GTTCAA [497] 
TCTA- - GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTATTATTAGCTAGGTT - - - - AAGTATTTCGCTTAAAAAAAA------ GGTCAA (5051 
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTATTATTAGCTAGGTT- - - -AAGTATTTCGCTTAAAAAAAAA----- GGTCAA  
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTATTATTAGCTAGGTT- - - -AAGTATTTCGCTTAAAAAAAA------ GGTCAA [505] 
TCTA- - GGATTTACATATACAACGTATATCACTGTCAAGAGGGAATTTATTATTAGCTAGGTT- - - - AAGTATTTCGCTTAP,AAAAGA ------ GGTCAA [509] 
TCTA- - GGATTTACATATCCAACATATATCACTGTCAAGAGGGAATTTCTTATTAGCTAGGTT- - - -AAGTATTTCGCTTAAAAAAAAA----- GGTCAA [5061 
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGGGAATTTTTTATTAGTTAGGTT - - - - AAATATTTTGATGAAAAAAAAAAA --------- [5001 
TCTA- -GGATTTACATATACAACATATACCACTGTCAAGTGGGAATTTATTATTACTTAGGTT- - - -AAGTATTTCGATTAAAAAAAA------ GGTAAA [508] 
TCTA- - GGATTTACATATACAACATATACCACTGTCAAGAGGGAATTTCTTATTCGTTAGGTT - - - -AAGTATTTCGATTAAAAATAAAAAAA GGTCAA [550] 
TCTA- - GGATTTACATATACAACATATACCACTGTCAAGAGGGAATTTCTTATTCGTTAGGTT - - - -AAGTATTTCGATTAAAAATAAAAAAA GGTCAA [566] 
TCTA- - GGATTTACATATACAACATATATCACTGTCAAGAGAGAATTTATTATTAGTTAGGCT - - - - AAGTATTTCGATTAAPAAAAA ------------ (513] 
TCTA- - GGATTTACATATACAACATATATCACTGTCAAGAGATAATTTCTTATTAGTTAACTT - - - - AAATATTTCAATAAAAAAAPJA ----------- [4821 
TCTA- - AGArrTACATATACAACATATATCACTGTCAAGAGAGAATTTATTATTAGTTAGGTT - - - -AAGTATTTCGATTAAAAAAA------------- [5101 
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGAGAATTTATTATTAGTTAGGTT- - - -AAGTATTTCGATTAAAAAAA------------- [492] 
TCTA- -GGATTTACATATACAACATATATCACTGTCAAGAGAGAATTTCTTATTAGTTAGGTT- - - -AAGTATTTCGATTAAAAAAAA------------ [523] 
710 	720 	730 	740 	750 	760 	770 	780 	790 	8001 



























Loxostigina sp. nov. 
AAATCAA ---  TTGGG - -TTGCGCTATATATATGAAAGAGTATACAATAATGATGTATTTGGCAAATAAAATACCATGGTCTAATAATCP,AACATTCTGAT [624) 
AAAGAAAAA - TTGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTATTTGGCAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [649] 
AAAAAAA --- TGGGG- - TTGCGCTATATATATGAAGAGTATACAATATGATGTGTTTGGTATCAAATACCATGGTCTAATA1TCAAACATTCTGAT [613] 
AAAGAAAAA - TGGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATGCCGTGGTCTAATAATCAAACATTCTGAT 16191 
AAAGAAAAA- TGGGG - - TTGCGTTATATATATGAAGAGTATACAATAATGTGTGTTTGGTAAATCAA)TACCATGGTCTATAATCAAACATTCTGAT [6231 
AAAGAAMA-TGGGG- -TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [601] 
AAATAAAAA- TGGGG - - TTGCGCTATATATATGAGAGTATACATAATGATGTGTTTGGTAATCAAATACCATGGTCTAAGAATCAAACATTCTGAT (5841 
AAATAAAAA- TGGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT 16081 
AAATAAAAA- TGGGG- -TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [621] 
AAAGAAAAA- TGGGG- -TTGCGCTATATATATGAAAGGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [605] 
AAATAAAAA - TGGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [611] 
AAAGAAAAAATGGGG- - TTGCGCTATATATATGAAAGAGTATACAATAP.TGATGTGTTTGGTAPATCAAATACCATG- TCTAATAATAAAACATTCTGAT [607] 
AAAGGAAAA- TGGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAPATACCATGGTCTAATAATCAAACATTCTGAT [6021 
AAAGAAAAA - GGGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAAGAATCAAPCATTCTGAT [594] 
AAATAAAAA - TGGGG- - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [6021 
AAAGAPAAA-TGGGG- - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTALATCWTACCATGGTCTAATAATCAAACATTCTGAT [6031 
AAAGAAAAA - TGGGG - - TTGCGCTGTATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [602] 
AkGAAAAA - TGGGG - - TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [6061 
AAiKAAAAA-TGGGG- -TTGCGCTATATATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAATACCATGGTCTAATAATCAAACATTCTGAT [6031 
---  GAAC ---  TGGGG - - TTGCGCTATATATAGGAAAGGGTATACAATAATGATGTGTTTGGTAAATCAAATGGCATGGTCTAATAATCAAACATTCTGAG [592] 
AAATAAAAA- TGGGG - - TTGCGCTATAGATATGAAAGGGTATACAATAATGATGTGTTTGGTAAATCAAATGGCATGGTCTAATAATCAAACATTCTGAT [605] 
AAAGAAAAA-TGGGG- -TTGCGCTATAGATATGAACGGGTATACAATAATGATGTGTTTGGGATCAAATAGCATGGTCTAATAATCAACATTCTGAT [6471 
AAAGAAAAP- TGGGG- - TTGCGCTATAGATATGAACGGGTATACAATAATGATGTGTTTGGGAAATCAAATAGCATGGTCTAATAATCAAACATTCTGAT [663] 
TGGGG- - TTGCGCTATAGATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAAAACCATGGTCTAATAATCAAACATTCTGAT (6011 
GGGGGGGTTGCGCTATAGATATGAAAGAATATAGAATAATGATGTGTTTGGTAAATCAAAAACCAAGGTCTAATAATCAAACATTCTGAT [572] 
GGGGG - - TTGCGCTATAGATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAAAACCATGGTCTAATAATCAAACATTCTGAT [598] 
GGGGG- - TTGCGCTATAGATATGAAAGAGTATACAATAATGATGTGTTTGGAAAATCAAAAACCATGGTCTAATAATCAAACATTCTGAT [580] 
GGGGGG-TTGCGCTATAGATATGAAAGAGTATACAATAATGATGTGTTTGGTAAATCAAAACCATGGTCTAATAATCAAACATTCTGAT (6121 



























Loxostigma sp. nov. 
810 	820 830 	840 	850 	860 	870 	880 	890 	9001 
TAGTTGATAATATTAGT-ATTA -------- GTTAGCAATTTTGTGAAAGATTCCTGTGAAAAG --------- CGCCGAATT - -- -CGTGTCGAGTAGACC [702] 
TAGTTGATAATATTAGT-ATTA -------- GTTGGAAATTTTGTGAAAGATTCCTATGAAAAGTTTCATTAACACGGAATT ---- CGTGTCGAGTAGACC 17361 
TAGTTGATAATATTAGT-GTTA -------- GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAGGTTTCATTAACGCCTAATTCArI'CGTGTCGAGTAGACC [7041 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCGTGTCGAGTAGACC [7101 
TAGTTGATAATATTAGT--------------- TGGGAAGTTTGTGAAAGATTCCTGTGAAAGGTTTCATTAACGCCTAATTCATTCGTGTCGAGTAGACC 17081 
TAGTTGATAATATTAGT-ATTA -------- GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCACTAACGCCTAP.TTCATTCGTGTCGAGTAGACC [6921 
TAGTTGATAATATTAGT-ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAGGTTTCATTAACGCCTAATTCATTCGTGTCGAGTAGACC [675) 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAACGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCGTGTCGAGTAGACC [6991 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCGTGTGAAAAGTTTCATTAACGCCTAATTCATTCGTGTCGAGTAGACC [7121 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCGTGTGAAAAGTTTCATTAACGCCTAATTCATTCGTGTCGAGTAGACC [696] 
TAGTTGATAATATTAGT- ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [702] 
TAGTTGATAATATTAGT - ATTA --------GTTAGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGC ?TAATTCATTCTTGTCGAGTAGACC [698) 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [693) 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTGATTCTTGTCGAGTAGACC [6851 
TAGTTGATAATATTAGT -ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [6931 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [6941 
TAGTTGATAATATTAGT-ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [693] 
TAGTTGATAATATTAGT-ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCGTTCTTGTCGAGTAGACC [697] 
TAGTTGATAATATTAGT - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [694) 
TAGTTGATAATATTAGTAATTAATACTG- - GTTGGGAAGTTTGTGAAAGATTCCTATGAAAAGTTTCATTAACGCCCAATTCATTCTTGTCGAGTAGACC [690] 
TAGTTGATAATATTAGT-ATTG --------GTTGGGAAGTTTTTGAAAGATTCCTATGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [696) 
TAGTTGATAATATTAGT - ATTGGAGTATTAGTTGGGAAGTTTGTGAAAGATTCCTATGAAAAGTTTCATTAACGCCTAATTCATTCTTTTCGAGTAGACC [746) 
TAGTTGATAATATTAGT -ATTGGAGTATTAGTTGGGAAGTTTGTGAAAGATTCCTATGAAAAGTTTCATTAACGCCTAATTCATTCTTTTCGAGTAGACC [7621 
TAGTTGATAATATTAGC-ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [692] 
TAGTTGCTAATATTAGC - ATTA --------GTTGGGGAGTTTGTAAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [663] 
TAGTTGATAATATTAGC -ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC 16891 
TAGTTGATAATATTAGC - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [6711 
TAGTTGATAATATTAGC - ATTA --------GTTGGGAAGTTTGTGAAAGATTCCTGTGAAAAGTTTCATTAACGCCTAATTCATTCTTGTCGAGTAGACC [703) 
910 	920 	930 	940 
Schizanthus x wisetonensis TTGTTGTTGTGAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [748] 
Nicot iana tabacum TTGTTGTTGTGAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7821 
Antirrhinum maj us TTGTTATTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [750] 
Tetranema mexicana TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7561 
Paulownia tomentosa TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7541 
Scrophularia carlina TTGTTGTTGTCAGAATTCTTAATTCATGAGTTATAGGGAGGGATTT  
Rehmannia glutinosa TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7211 
Peltanthera floribunda TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [745] 
Calceolaria arachnoidea TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [758) 
Jovel lana punctata TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [742] 
Besleria labiosa TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [748] 
Napeanthus reitzi j TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [744] 
Titanotrichum oldhamii TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGCATTT  
Fieldia austral is TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7311 
Mitraria coccinea TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7391 
Koeleria eriantha TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7401 
Chrysothemis pulchel la TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7391 
Sinningia schi ffneril TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [743) 
Gesneria humil is TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT  
Rhynchoglossum hologlossum TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [736] 
Whytockia sasakii CTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7421 
Epithema taiwanense TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [792] 
Epithema benthamii TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [8081 
Ramonda myconi TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGGATTT [7381 
Streptocarpus holstii TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGTTTTT [7091 
Didymocarpus citrinus TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGTATTT [735] 
Cyrtandra apiculata TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGTATTT [717) 
Loxost igma sp. nov. TTGTTGTTGTCAGAATTCTTAATTCATGAGTTGTAGGGAGGTATTT [749) 
APPENDIX 3. Aligned matrix for the partial 26S region (Chapter 2) 
[26S-only 
Likelihood settings from best-fit model (GTR+I+G) selected by AIC in Modeltest Version 3.06 
[BEGIN PAUP; 











































GCGACCC - AGGTCAGGCGGGATCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAGAAACTTACAAGGATTCCCCTAGTAACGGCGAGCGAACC [99] 
[99] 
[99] 
GCGACCC -AGGTCAGGCGGGATCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAAkAGAAACTTACAAGGATTCCCCTAGTAACGGCGAGCGAACC [99) 
? CGACCC - AGGTCAGGCGGGATCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAGAAACTTACAAGGATTCCCCTAGTAACGGAGAGCGAACC [99] 
[99] 
GCGACCC - AGTCAGGCGGGATTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAACTTACAAGGATTCCCCTAGTAACGGCGAGCGAACC [991 









L.oxostigma sp. nov 	 GCGACCCCAGGTCAGGCGGGATCACCCGCTGAGTTTAAGCATATCAATGCGGAGGAAAGAAACTTACAGGATTCCCTTAGTAACGGCGAGCGCC [100] 
110 	120 	130 	140 	150 	160 	170 	180 	190 	2001 



























Loxostigma sp. nov. 
GGGAACAGCCCAGCCTTAGAATCGGGCGGC - TCCGTCGTCCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGAAGGG [199] 
GGGAACAGCCCAGCCTTAGAATCGGGCGGC- TCCGCCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGAAGGG [199] 
GGGAACAGCGCATCTTGAAAATCGGGCGAC - TTTGCCATCCGAATTGTAATCTGAAGAAGCGTCCTCATTGGCAGACCAGGCCCAAGTCCCTTGGAAAGA [199] 
GGGAATAGCCCAACTTGAGAATCGGGCGGC - TTTGCCATTCGAATTATAGTCTAGAGAPGCGACCTCAGCGGCAGATCGGGCCCAAGTCCCCTGGAAAAA [199] 
GAGAATAGCCCAACTTGAGAATCGGGTGGC -TTCGCCGTTCGAATTGTAGTCTGGAGAAGCATTCTCAGCAGCGGACTGGGCCCAAGTCCCCTGGAJGG [199] 
GGGAATAGCCCAACTTGAGAATCGGGCGGC -TTCGCCGTCCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCTCAAGTCCCCTGGAAGG [199] 
GGGAATAGCCCAACTTGAGAATCGGGCGGC - TTTGCCGTCCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGAAAGG [199] 
GGGATAGCCCAACTTGAGAATCGGGCGGC-TTTGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGGG [199] 
GGGAATAGCCCAACTTGAGAATCGGACGAC - CTTGTCGTCCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGAGCCCAAGTCCCCTGGAAAGG [199] 
GGGAATAGCCCAACTTGAGAATCGGACGAC - - TTGTCGTCTGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGAGCCCAAGTCCCCTGGAAAGG [198] 
GGGAATAGCCCAACTTGAGAATCCGGCGAC- CCTGTTACCTGAATTGTAATCTGGAGAAGCGTCCTCAGCGGAGGACCGGGACCAAGTCCCCTGGAAAGG [199] 
GGGAATAGCCCAACTTGAGAATCGGGCGGC- TTTGTCGCTTGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAGTCCCCTGGcG [198] 
GGGAATAGCCCAACTTGAGAATCGGGCGGC -TCTGCCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCGAGTCCCCTGGGG [198] 
GGGAATAGCCCAACTTGAGAATCGGGCGGC - TTTGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCTAAGTCCCCTGGAAAGG [1981 
GGGAATAGCCCAACTTGAGAATCGGGCGAC- TTTGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCTAAGTCCCCTGJ&J [198] 
GGGAATAGCCCAACTTGAGAATC000CGAC - TTCGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACTGGGCcCAAGTcCCCTGGAAAGG [1981 
GGGAATAGCCCAACTTGAGAATCGGGCGGC -TTCGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGAAAGG [198] 
GGGAATAGCCCAACTTGAGAATCGGGCGAC-TTCGTCGTTCGAATTGTAGTCTGGAGAAQCGTCCTCAGCGGCGGACCGGGCCCGTCCCCTGWGG [198) 
GGGAATAGCCCACCTTGAGAATCGGGCGAC - CATGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGAAGGG [198] 
GGGAAACGCCCAACATGAGAATCTTGCGGCCTGCGCCGTTTGAATTGTAGTCTGTAGAAGTGTCCTCAGCGGCGGACCGAGCTTAAGTCCCCTGGWGG [200] 
GGGAATGGCCCAACTTGAGAATCGGATGAC - CTTGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGTGCCCAAGTCCCCTGGAAAGG [1991 
[200] 
[200] 
GGGAATAGCCCAACTTGAGAATCGGGCGAT- CATGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCGAAGTCCCCTGGAAAGG [199] 
GGGATAGCCCAACTTGATAATCGGGCGAC - CATGTCGTTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCCCTGGAAAGG [199] 
GGGAATAGCCCAACTTGAGAATCGAGAGAC - CAAGTCGCTCGAATTGTAGTCTGTAGAAGCGTCCTCAGAGGCGGACCGGGCCCAAGTCCCCTGGAAAGG [1991 
GGGAATAGCCCAACTTGAGAATCGGGCGAC- CACGTCGCTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCAGGCCCAAGTCCCCTGGAAAGG [199] 
GGGAATAGCCCAACTTGATAATCGGGCGAC - CACGTCACTCGAATTGTAGTCTGGAGAAGCGTCCTCAGCGGCGGACCGGGCCCAAGTCCC?TGGAAAGG (199) 
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Loxostigma sp. nov. 
410 	420 	430 	440 	450 	460 	470 	480 	490 	5001 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGCCCCGGTCGGATGTGGAACGGTGATGAGCCGGTCCGCCGATCGACTCGGGGCGCGGA [499] 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGCCCCGGTCGGATGTGGAACGGTGACGAGCCGGTCCGCCGATCGACTCGGGGCGTGGA [499] 
CTTGAAATTGTTGTGAGAGAAATGTATGGGGGCTGGGGTTGCGTTTCGGTCGGATGCGAAACTGCGA - GAGACGATCCGCCGATCAACACGGGGCGAGGA [498) 
CTTGAATTGTCGGGAGGGACGGATAGGTGCCGCCGATGCGCCCCGATCATGTGGJCGACGA. GAGCCGGTCTGCCGATCGACTCAGGGCGTAGA [498] 
CTTGAATTGTCGGGAGGAGTGGATGGGGGCCAGCGATGCGTCCCGATCATGTJCAAC GAACCGGTCCGCCGATCGACTCGGGGTGTA [498] 
CTTGAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGTCCCTCGGATGT1CCGA AAGCCGGTCCGCCGATCGACTCGGGGCGCGGA [498] 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGTCCCGGTCGGATGTGGAACGGCGA - GACCCGGTCCGCCGATCGACTCGGGGCGCGGA [498) 
CTTGAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGTCCCTCGGATGTGGCGGCGAGAGCCTCCGTCGATAGACTCGGCGTGGA [498] 
CTTGAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGTCCCGGTCATGTGGCGA CAGCCGGTCTGCCAATCGACTCGGGCCGTA [498] 
CTTGWTTGTCGGGAGGAAGCGGATGGGGGCCGGCGATGCGTCCCGGTCATGTGGCCGA CAGCCGGTCTGCCAATCGACTCGGGACGTGGA [497] 
[498] 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGACCGGCGATGCGTCCCGGTCGGATGTGGCG!JCGA GAGCCGGTCCGCCGATCGACTCGGGCCGTGGA [497] 
CTTGAATTGTCGGGAGGGAAGCGGATGGGGACCGGCGATGCGTCCCTCGGATGTICCGA.. GAGCCGGTCCGCCGATCGACTCGGGGTGTGGA [4971 
[497] 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGACCGGCGATGCGTCCCGGTCGGATGTGGAACGGCGA-GAGCCGGTCTGCCGATCGACTCGGGGCGTGGA [497] 
CTTGAATTGTCGGGAGGGAAGCGAATGGGACCGGCGATGCGTCCCGGTCGGATGTCGGCGA. GAGCCGGTCTGCCGATCGACTCGGGGCGTGGA [497) 
CTTGWTTGTCGGGAGGGGCGGATGGGACCGGCGATGCGTCCCTCGGATGTGGCCGA GAGCCGGTCTGCCGATCGACTCGGGACGTGGA [4971 
CTTGAAATTGTCGGGAGGGAGCGGATGGGGACCGGCGATGCGTCTCGGTCATGTccGGcGA.. GAGCCGGTCTGCCGATCGACTCGGGACGTGGA [497] 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGACCGGCGATGCGTCCCGGTCGGATGTGGAACGGCGA-GAGCCGGTCTGCCGATCGACTCGGGATGTGGA [497) 
CTTGAATTGTCGGGAGGGAGCGGATGGGGCCGGCGATGCGTCCCTCGTATGCGGACCGA GAGCCGGTCCGCCGATCGACTCGGGGTGTGGA [499] 
GAGCCGGTCTGCCGATCGACTCGGGTTGTGGA [498] 
CTTGAAATTGTCGGGAGGGAAGCGAATGGGGGCCGGCGATGCGCTCCGGTCGGATGTGGAACGGTTG- TTGCCGGTCTGCCGATTGACTCGGTGCGTGGC [499) 
CTTGAAATTGTCGGGAGGGAAGCGAATGGGGGCCGGCGATGCGCTCCGGTCGGATGTGGAACGGCTG - TTGCCGGTCTGCCGATTGACTCGGGGCGTGGC [4991 
[4981 
[4981 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGGCCGGCGATGCGTCCCGGTCGGATGTGGAACGGTGA - GAGCCGGTCTGCCGATCGACTCGGGGTGTGGA [498) 
CTTGATTGTCGGAGGGAGCGGATGGGGGCCGGCGATGCCCCTCGGATGTGGAACGGTGA GAGCCGGTCTGCCGATCGACTCGGGCGTGGA [498) 
CTTGAAATTGTCGGGAGGGAAGCGGATGGGGACCGGCGATGCGCCCCGGTCGGATGTGGAACGGTGA-GAGCCGGTCCGCCGATCGACTCGGGGTGTGGA [498] 



























Loxostigma sp. nov. 
510 	520 	530 	540 	550 	560 	570 	580 	590 	6001 
[594] 
CCAGCGTGGATTGGGGGGGCGGCCAAAGCCCGGGCTTTCGATACGCCCGTGGAACGCCGTCTCCTTGATT-GTGGT-AGGCA-GCGCGCGCC-TC- CGGC (594] 
CCAGCACGGATTGAGGCGGCAGCCAAAGCTGGGGCTCTTGATACGCTCGTGGAATGCCGCCGCCC - GATT - GTGGCAAGACA- ACGCGCGCC - TC - TAAC (593] 
CCAACGCGGATTGATACGAGGCCAAAGCCCGAATTGTTGATACGCCCGTGGAATGTCGTCGTCCCGATC - GTGGC - AGAAA - GTGCACATC - TC - TGGC [593] 
CCAACGCAGATTGAGGCGATGGCCAAAGCCCGAGCAGTTGATATGCTCGTGGAATGCCATCGTCCCGATC-GTGTC-GGATA-GCGCACCCC-TC-GGGC [593] 
CCAGCGCGGATTGAGGCGGCGGCCAAAGCCCGGGCAGTTGATATGCCCGTGGAATGCCGTCGCCCCGATC - GTGGC -GGACA- GCGCGCGCC- CT- CGGC [593] 
CCAGCACGGATTGAGGCGGCGGCCAAAGCCCGGGCAGTTGATATGCCCGTGGAATGCCGTCGCCCCGATCAGTGGC-AGACA-GCGcGCGcC-TT-TC [5941 
CCAGCGCGGATTGAGGCGGCGGCCAAAGCCCGGGCAGTTGATATGCCCGCGGAATGCCGTCGTCCCGATC-GTGGC-GGACA- GCGCGCGCC-TT-TGGC (593) 
CCAGCGCGGATTGAGGCGGCGGCCAAGCCCGTGCAGTAGACATGCTCGTGGAACGCCGTTGCCTCGTC-GTGGC-GGACA-GCTCGCGCC-CT-AGGC (593] 
[592] 
CCAGCACGGATTGGTGCGGCGGCCAAAGCCTGGGCGGTTGATATGCTTGAGGAACGCCGTCGCGCCGATC-GTGGT-GGACATGCGCGCGC-TTA- CGGC [594] 
CCAGCACGGATTGAGGCGGCGGCCAAAGCCCGAGCAGTTGATATGCTCGAGGAATACCGTCGCCCTGATC-GTGGC-GGACA- GCGCGCGCC-TC-TGGC [592] 
CCAGCGCGGATTGAGGTGGCGGCCAAAGCCCGGGCAGTTGACATGCTCGAGGAATGCCGTCTCCCCGATC - GTGGC - GGACA- GTACGCGCC - CT - CGGC (5921 
CCAGTGCGGATTGAGGCGGCGGCCAAAGCCCGGGCAGTCGATATGCTCGAGGAATGCCGTCGCTTTGATC-GTGGC-GGACA-GCGCGCGCCCTT-TC [593] 
CCAGTGCGGATTGAGGCGGCGGCCAAAGCCCGGGCAGTTGATATGCTCGAGGAATGCCGTCGCTTCGATC - GTGGC - GGACA- GCGCGCGCC - TT - TGGC [592] 
CCAGTGCGGATTGAGGTGGCGCCCAAAGCCCGAGCAATTGACATGCTCGTGGAATGCCGTTGccccGATc - GTGGC - GGACA- GCGCGCGCC - TT- TGGC [592] 
CCAGTGCGGATTGAGGTGGCGGCCAAAGCCCGGGCAGTTGATATGCTCGAGGAATGCCGTCTCCCTGATC - GTGGC - GGACA- GCGCGCGCC - TT - AGGC 15921 
CCAGTGCGGATTGAGGTGGCGGCCAAAGCCCGGGCAGTTGATATGCTTGAGGAATGCCGTCACCGCGATC - GTGGC - GGACA- GCGCGCGCC - TT - AGGC [592] 
CCAGTGCGGATTGAGGTGGCGGCCAAAGCCCGAGCAGTTGATATGCTCGAGGAATGCCGTCGCCCCAATC - GTGGC - GGACA- GCGCGCGCC - TT - CGGC [592] 
CCAGCACGGATTGATGCGGCGGCCAAAGCCCGTGCGGTCGATATGCACG - GGAACGCCGTCGCCTCGATC - GTGGG - TGACA- GCATGCGCC - TC - CGGC (593] 
CCAGCACGGATTGAGGTGGCGGCCAAAGCCCAAGCAGTCGATATGCTTGAGGAATGCCGTAGCTTCGATT - GTGGC - GGACA- GCTCGCGCC - TT - TGGC [593) 
CCAGCACGGATTGAGGTGGCGGCCAAAGCCTGAGCACTTGAAATGCTCGAGGAATGCCGTTGCCTTGATT - GTGGC - TGGCA- GCTCGCGCC - CT - TGGC [594] 
CCAGCACGGATTGGGGTGGCGGCCGAAGCCCGAGCACTTGAAATGCTCGAGGAATGCCGTTGCCTTGATT-GTGGC- TGGCT -GCTCGCGCC - TT-TGGC [594] 
[594] 
[594] 
CCAGCACGGATCGGGTTGGCGGCCAAAGTCCGGGCAGTTGATATGCTTGTGGATGCCGTCGCCTCGATT- GTGGA-GGACA-GCACGCGCCATA-AGGC [594] 
CCAGCACGGATCGGGTGGGCGGCCAAAGCCCGGGCAGTTGATATGCCCGCGGAATGCCGTCGCCCCGATC-ATGGC- GGACA- GCACGCGCCATC -AGGC [594] 
CCAGCACGGATCGGGTGGGTGGCCAAAGCCCGAGCAATCGACATGCCCGCGGAATGCCGTCGCCTCGATC - GTGGC - GGACA - GCACGCGCCATC -AGGC [594] 



























Loxostigma sp. nov. 
610 	620 	630 	640 	650 	660 	670 	680 	690 	7001 
GTGCTT- CGGCATCTGCGCGCTCCGGACGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAACAcGACCGGAGTCTGACATGTGTGCGTC 	(693] 
GTGCTT- CGGCATCTGCGCGCTCCGGACGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA (693] 
GTGTTT- CGGCGACTGCATGCTCTGAGCGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAJ [6921 
GTGCTC - CGACAACTACGTGCTCCCGGCGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGACACGGACCGGAGTCTGACATGTGTGCGAGTCAA [6921 
ATGCTT - CGGCAACTGCATGCTCCCAGTGCTGGCCGGCGGGCTCTCCATTCGACCCGTCTTGWCACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [692] 
GTGCTT - CGGCAACTGCGYGCTCCCGGTGCTGGCCAGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTC 	[692] 
GTGCTT-CGGCAACTGCGTGCTCCC????????????? ???? ?? ?CCATTCGACCCGTTCTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA (693] 
GTGCCT- CGGCAACTGCGTGCTCCCGGCGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [6921 
GTGCCT - CGGCAACTGCGTGCTCCCGGTGCTGGCCAGTGGGCTCCCCATTCGACCCGTCTTGAACACGGACCAAGGAGTCTGACATGTGTGCGGTC [692] 
GTGCCT- CGGCAACTGCGTGCTCCCGGTGCTGGCCAGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [691] 
GTGCTT- TGGcACTGCGTGCTCCTGGCGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCJ [693] 
GTGCTT - CGGCAACTGCGCGCTCCCPGTGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [691] 
GTGCTT - CGGCAACTGCGTGCTCCCGGCGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTC [691] 
GTGCTT- CGGCAACTGCGTGCTCCCGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA (692] 
GTGCTT- CGGCAACTGCGTGCTCCCGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAPACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [691] 
GTGCCC - CGGCAACTGCGCGCTCCCGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [691] 
GTGCTC - CGGCAACTGCGCGCTCCCGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAP.ACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [6911 
GTGCCA- CGGCAACTGCGCGCTCCCGGTGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTC 	[691] 
GTGCCCCCGGCACTGCGCGCTCCCGGTGCTGGCCTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTC [6921 
GTGCCA- CGGCAACTGCATGCTCCAGGTGCTGGCTTGCGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTC 	[692] 
GTGCCT- CGGCTACTGCGAGCTCCCGGTGTTGGCTTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [692] 
GTGCCC- CGGCAACTGCGTGCTCCAGGTGCTGGCCAGCGGGCCCCCCATTCGGCCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCCG [6931 
GTGCCC - CGGCAACTGCGTGCTCCAGGTGCTGGCCAGCGGGCCCCCCATTCGGCCCGTCTTGWCACGGACCAAGGAGTCTGACATGTGTGCGAGTCCA [6931 
GTGCCT- CGGCGACTGCATGCTCCCGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAJ 	[693] 
GTGCCT - CGGCGACTGCGTGCTCCCGGTGCTGGCTTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCA (693] 
GTGCCT - CGGCGACTGCGTGCTCTCGGTGCTGGCTTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA (693] 
GTGCCT - CGGCGACTGCGTGCTCCTGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [693] 
GTGCCT- CGGCGACTGCGTGCTCCCGGTGCTGGCCTGTGGGCTCCCCATTCGACCCGTCTTGAAACACGGACCAAGGAGTCTGACATGTGTGCGAGTCAA [693] 



























Loxostigma sp. nov. 
710 	720 	730 	740 	750 	760 	770 	780 	790 	8001 
CGGGCAAGTAAACCCGTAAGGCGCAAGGAAGCTGATTGGCGGGATCCCCC - TGAGGGGTGCACCGCCGACCGACCTTGATCTTCTGTGAAGGGTTCGAGT [792] 




















CGGGCTAGAAAACCTGTAAGGCGCAAGGAAGCTGACTGGCGTGATCCCC - TTGAGGGTTGCAACGCTGACCGACCTTGATCTTCAGAGAAGGGTTCGAGT [792] 
CGGGCTACAAAACCTGTAAGGCGCAAGGAAGCTGACTGGCGTGATCCCC - TTGAGGGTTGCAACGCTGACCGACCTTGATCTTCAGAGAAGGGTTCGAGT 17921 







820 	830 	840 	850 	860 	870 	880 	890 	9001 



























Loxostigma sp. nov. 
GTGAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [8921 
GTGAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGWCTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [8921 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGWCTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [890) 
- - GAGCATACCTGTCGGGACCCGAAGATGGTGAACThTGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [890) 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [890] 
- - GAGCATACCTGTCGGGACCCGAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGGGCCCGcAGCGATACTGACGTGcA [890] 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAQCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [891] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA (890] 
- - GAGCATACCTGTCGGGACCCGAAGATGGTGAACTATGCCTGAGCGGGGCGAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATCTGAcGTGCA [890] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [888] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA (891] 
- - GAGCATACCTGTCGGGACCCGAAPiGATGGTGAACTATGCCTGAGCGGGGCGAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889] 
- -GAGCACACCCGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGA.AACTCTGGTGGAGGCCCGCAGCGATAcTGACGTGCA [890] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889) 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATAC'rGACGTGCA [8901 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [890] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [889] 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA (890] 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [890] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [890] 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [891) 
- -GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [8911 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [891] 
- - GAGCATACCTGTCGGGACCCGAAAGATGGTGAACTATGCCTGAGCGGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCCCGCAGCGATACTGACGTGCA [891] 
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TTGAGCCACGCCAAGGAATCGAGAGCTCCAAGTGGGCCATTTTTGGTAAGCAGAACTCGTCGATGCGCGATGAAC????? ? ???????? ? ? ?? ?? ????? [1191) 
[1191) 
APPENDIX 4. Aligned matrix for the CYCLOIDEA region (Chapter 2) 
EXSET ambnoTCPR3rd= 12 21 24 27 30 33 36 42 45 48 51 54 57 60 63 66 69 72 [TCP 3rd] 75-84 106-117 133-135 142-153 277-318 [R 3rd] 369 372 375 
378 381 387 390 393 396 399 402 405 408 417 420 423 432 435 438 441 444 447 450 453 469-474 568-579 649-678 745-747 814-816 829-831 
<- excluded sites for analysis * 
[! No TCP-R 3rd  Likelihood settings from best-fit model (TVM+I+G) selected by AIC in Modeltest Version 3.061 
Lset 	Base=(0.3279 0.2082 0.1964) 	Nst=6 	Rmat=(0.9840 2.3255 0.8198 1.4173 2.3255) 	Rates=gamma 	Shape=1.4244 Pinvar=0.0789; 
[ 
10 	20 	30 	40 	50 	60 	70 	80 





Schizanthus_cyci ATGTTAGGTTTTGACAAACCAAGCAAAACGCTGGATTGGCTCTTCACAAACTCCWCTAGCCATTGATGATCTC--------------------------- [751 
Schizanthuscyc2 ATGCTAGGTTTTGAAAAACCCAGCAACGCTGGATTGGCTCTTCACAAACTCCAAACTAGCCATTGAAGTTCTC--------------------------- [75] 
Ni cot iana_cyc2 ATACTAGGTTTTGACAAACCAAGCAAAACGCTGGATTGGCTTTTCACTAACTCGAAACTAGCCATTGAGGAGCTCGCTTTGGTCAACTCAT------CAG [96) 
Nicot ianacycl ATGCTTGGTTTTGACAAACCAAGTACCCTTGATTGGCTATTCACAAAGTCCAAATTAGCCATTGAAGAGCTGACTACT- -GCTCAGATCAAA--- ATC [96) 
ScrophulariaScyc]. ATGCTAGGTTTCGACGCCAAGCAGGACTCTTGATTGGCTGCTAACGGAATCGAAACCCGCCATTGGAACTCGCT------------------------ [78] 
ScrophulariaScyc2 ATGCTAGGTTTCGACAAGCCAAGCAAAACCCTCGATTGGCTACTTACGGAGTCAAAAGCCTCGATTAAAGACCTC --------- ATCTTGAAGAAA ---AAA [901 
Paulownia_Pcyc2 ATGCTAGGTTTCGACAAGCCAAGCA.AAACTCTTGATTGGCTGCTTACGAAATCAAAAGCAGCCATTGAGCTG--------- GTGCAGACGAAA- - CAA [901 
Paulowni aPcycl ATGCTAGGTTTCGACAAGCCAAGCAAACTCTTGATTGGCTGCTCACCAAATCMAAACAGCCATTAAGCACCTG--------- GTGCAGACGAAG- - CAA [90) 
Anti rrhunumcyc ATGCTAGGTTTCGACAAGCCGAGCAAAACCCTTGATTGGCTGCTCACTAAGTCGAAAACCGCTATCAAAGAGCTT --------- GTGCAGTCTAAA ------ [871 
Anti rrhunum di ch ATGCTAGGTTTTGACAAGCCTAGCAAAACCCTTGATTGGCTGCTCACGAAGTCGAAGGAAGCTATTAAGGAGCTC --------- GTGCAGTCGAAA ------ [871 
TetranemaTcyc2 ATGCTAGGTTTCGACAAGCCAAGCAAAACCCTTGATTGGCTGCTCACGAAATCGAAGGCAGCCATTAAGGAGCTG--------- GTGCAGTCCAAA------ [871 
Calceolaria_Ccycl ATGCTAGGTTTCGACAAGCCGAGTAAAACTCTCGAGTGGCTATTGACCAAGTCAAAATCCGCCATTAAGGAG------------------ ACGAAA--- GAG [811 
Calceolaria_Ccyc2 ATGCTAGGTTTCGACAAGCCGAGCACCCTCGATTGGCTACTCACGAATCGApAGCTGCCATTGAGcTG--------- GTGCAGAACAAG- - CAP. [90) 
Jovellana_Ccyc2 ATGCTAGGTTTCGACAAGCCAAGTAAGACCTTGGAGTGGCTACTCACGACATCGAAAGCAGACATTWGAGCTG--------- GTGCAGACCAAG- -CAP. [90) 
Epi themaGcyc2 ATGCTAGGTTTCGACAAGCCAAGTAAMCACTCGAGTGGCTGCTCACGAAATCAAPAGCAGCCATTP.ATGAGCTC--------- GTGCAGATGAAA--- AAA [90) 
RamondaGcyc2 ATGCTAGGTTTCGACAAGCCAAGTAAAACCCTTGAATGGCTTCTTACAAAATCGAAAGCAGCCATTAAGGAGCTT--------- GTGCAGATGAAG--- AAA  [901 
Cyrtandra_Gcyc2 ATGCTAGGTTTCGACAAGCCAAGTAAACCCTTGAATGGCTGCTTACAAAATCAAAAACAGCAATTAAGGAGCTG--------- GTGCAGATAAAG--- AAA [90) 
BesleriaGcycl ATGCTAGGTTTTGACAAGCCAAGCAAAACCCTTGAGTGGGTGCTAP.AGAP.ATCAAAGGCCGGGATTAAAGAATTG--------- GTGCAGACAAAAGAAAAT [93] 
Napeanthus_Gcyc 1 ATGCTAGGTTTTGACAAGCCAAGCAAAACCCTTGAATGGCTGCTCACGAAATCGAAAGCAGCCATTAAGGAGCTG--------- GTGCACACAAAG- - AAA [901 
Titanotrichum_Gcycl ATGCTAGGTTTCGACAAGCCAAGTAAACCCTTGAGTGGCTGCTCACGAP.ATCGAPAGCAGCCATTp.AGGAGcTG--------- GTGCAGACGAAG--- AAA [90] 
FieldiaGcyclE ATGCTAGGTTTCGACAAGCCAAGTAAJACCCTTGAGTGGCTGCTCACGAAATCGAAAGCAGCCATTAAGGAGCTG--------- ATGCAGACGAAG--- AAA [90] 
Fieldia_Gcycl F ATGCTAGGTTTCGACAAGCCAAGTAAGACCCTTGAGTGGCTGCTCACGAPATCGWTCAGCCP.TTAAGGAGCTG--------- GTTCAGACAAAG--- AAA [90] 
MitrariaGcyclE ATGCTAGGTTTCGACAAGCCAP.GTAAAACCCTTGAGTGGCTGCTCACGWTCGAAAGCAGCCATTAAGGAGCTG--------- GTGCAGACGAAG--- AAA [90] 
Chrysothemi s_Gcyc 1 ATGCTAGGTTTCGACAAGCCAAGTAAAACCCTTGACTGGTTACTCACTAAATCTAAAGCAGCCATTAAGGAGCTG--------- GTGCAGGCTAAG --- AAA [90] 
S inningi a_Gcyc 1 ATGCTAGGTTTCGACAAGCCAP.GTAAP.ACCTTAGACTGGTTGTTAATTAAATCGAAAGCAGCCATTAAGGAGCTG--------- GTGCAGGCTAAG --- AAA [90] 
Kohleria_Gcyc 1 ATGCTAGGTTTCGACAAGCCAAGTAAACCCTTGACTGGTTGCTCACTAAATCTAAAGCAGCCATTAAGGAGCTG--------- GTGCAGGCTAAG- - 	P.P.A [90] 
Gesner ia_Gcyc 1 ATGCTAGGTTTCGACAAGCCAAGTAAAACCCTTGACTGGTTGCTCTCTAAATCTAAAGCAGCCATTAAGGAGCTG--------- GTGCAGGCTAAG- - AAA [90] 
Ep i thema_Gcyc 1 ATGCTAGGTTTCGACAAGCCTAGCAAAACCCTTGAGTGGCTTCTAACAAAGTCCAAAGCAGCAATCAP.GGATCTT--------- GTGCTCTCCAAA- - AAA [901 
Ramonda_Gcycl ATGCTAGGTTTCGACAAGCCAAGTAAAACCCTCGACTGGTTGTTAACCAkkTCGAAAGTGGCCATCAAAGATCTG--------- GTGCATACAP.AG--- AAA [901 
Sti . holstiiGcyclA ATGCTAGGTTTCGACAAGCCCAGTAAGACACTCGACTGGCTGTTGACGAAATCAAAAGTCGCCATCAAAGATCTG--------- GTGCTTAACAAG--- ACG [901 
St i . ho]. at i i Gcyc lB ATGCTAGGTTrCGACAAGCCGAGTAAGACACTCGACTGGCTGTTGACGAAATCAAP.AGTCGCCATCAAAGATCTG --------- GTTCTTACCAAT ---  AAG [901 
DidymocarpusGcyclC ATGCTAGGTTTCGACAP.GCCAAGTAAAACACTTGACTGGTTATTAACGAAATCGAAGGTAGCCATTAAAGATCTG--------- CTTCATACAP.AG--- AAA [90] 
D idymocarpus_Gcyc 1D ATGCTAGGTTTCGACAAGCCAAGTAAAACACTTGAGTGGTTGTTAACGAAATCGAAAGTAGCCATTAAAGATCTG--------- GTTCACGCAAAG --- AAA [90] 
CyrtandraGcyc 1 ATGCTAGGTTTCGACAAGCCAAGTAAP.ACACTTGAGTGGTTGTTAACGAAATCGAAAGTAGCCATTAAAGATCTG--------- GTTCACACAAAG --- AAA [90] 
Loxost igma Gcyc lC ATGCTAGGTTTCGACAAGCCAAGTAAAACACTTGAGTGGTTGTTAACGAAATCGAAAGCAGCCATTAAAGATCTG--------- GTTCATACAAAG --- AAG [901 
Loxostigma_GcyclD ATGCTAGGTTTCGACAAGCCAP.GTAAAACACTTGAGTGGTTGTTAACGAAATCGAAAGTAGCCATTAAAGATCTG--------- GTTCACACAAAG--- AAA [90] 
[ 
110 	120 	130 	140 150 	160 	170 180 190 	200 	1 
I 
Schizanthus_cyci ------------------ ATCACTCGCGCG --- AAATCT --------- GCTATTTCA --------------- CAATGT --- CATGAGGAA1CCATT ------ [123] 
Schizanthuscyc2 ------------------ TCTGCCAGG ------ AAAAACCCAGCTTCTTCTATTTCA --------------- CAATGTGAGCAAAAGCCTCCTGTG ------ [132] 
Nicot iana_cyc2 GATCATCACCCAAAG -- -ATTGCAGGAGCAACGAGTCGAGCTGc 	TGAGACCGCCAAGGATTGTGCTTCACAGTGTGAA- - - GACCTGGCCATAACA - - [1891 
Nicot janacyci ACCAGC- -- CCTAATGAGTCGTCAGCAGCAAAGAAAAGTACT --- TCATCTATTAAT------------TCAGAATGTGAG- -- GACGTTGTTCTTGCA- - [1741 
ScrophulariaScycl --------------- GCTAGTGGTCGTGGTAATAAGAGTCGC --------- ATTTCTTCCCCTTCTGAT --- CAATGT ------ GAGTGGTCTCAGTC --- [144] 
ScrophulariaScyc2 TCT--------------------------- CAAAACGGTGTA-- ---- GTTTCATCTTCTCCTTTT------ GAATGT------ GAGGTAATTTCTTCTAGA (147] 
PaulowniaPcyc2 AAC ------------ GCCAGTGCTAGTGCT --- AAGAGTAGT ------------ TCTTCATCCTCT ------ GAATGT ------ GAGTTACTCTCTTCTGTA [1531 
PaulowniaPcycl CAC ------------ ACCACTGCTGGTGCC --- AAGAGT ------------ GTTTCTTCTCCTTCT ------ GATGT ------ GAGGTAGAGTCTGAAGGA [153] 
Antirrhunumcyc ------------------ AGTACT --------- AAGAGCAP.0 --------- TCTTCCTCCCCTTGTGAT --- GATTGTGAG --- GAAGTTGTGTCTGTA [144] 
Antirrhunumdich ------------------ AGCTCG --------- AAAGTAAT ------ ATTTCTAATTCTCCTTCT ------ GAATGTGATCAAGAGGTTTTGTCTGCG [147] 
TetranemaTcyc2 ------------------------ AGTGCT --- AAAAGT --------- GCGTCTTCTTCCCCATCT ------ GAATGTGAG --- GAGGTGGTTTCTGCCGGA [1441 
Calceolaria_Ccycl --------------------------------- AAGTGT--------- ACTTCTTCCTCACCGTCT------ GAATGT------------ GTTTCTGCAGGT [123] 
Calceolaria_Ccyc2 --------------------- GGAACTGAT --- AAGAAC --------------------- ATTTAT ------ GAATGTGAC --- GAGGTT ------------ [126] 
Jovellana_Ccyc2 --------------------- AGTACTGCT --- AAGAAC --------------------- ATTTCT ------ GAATGT ------ GAAGCTGTGTCA ------ [129] 
EpithemaGcyc2 AGT--------- ACTACTAGTACTAGTACT------ AGT--- ------------------ GCTCGT------ GAATGC------ CAGGCACCATCAACAGGA (144] 
Ramonda_Gcyc2 AAT --------- GACTCCACTACTTGCACTAATATGAGT --------- GTTGTTTCTTCCCCTTCA ------ GACTGC ------ GAT --------------- [147] 
CyrtandraGcyc2 AGT --------- GATGCCCCTACTTGCACTA1TAAGAGA ------------ ATTTCGTCCCCTTCA ------ GGGTGC ------ GAGGTA ------------ [147] 
Besleria_Gcycl AGTGGGAATGCTAATGCCAGTGCTAGTGCTGCTAGAGC ------------ ATTTCTTCGCCTTCT ------ GAGTGT ------ GAGGTGGTGTCTGCAGGA [171] 
Napeanthus_Geyci AGT ------------ GCCAGTGCCAGTGCT --- AAGAGC ------------ AP.TTCTTCCCCTTCT ------ GAATGC ------ GAGGTAGTGTCTGCAGGA [1531 
TitanotrichumGcycl AGTACC ------------ AGTGCTAGTGCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATGC ------ GAGGTAGTGTCTGCAGGA [153] 
FieldiaGcyclE AGA ------------ GCCAGTGCTAGTGCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATGC ------ GAGGTCGTGTCTGCAGGA [1531 
Fieldia_GcyclF AGT ------------ GGCAGTGCTAGTGCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATCC ------ GAGGTAGTGTCTGCAGGA [153] 
Mitraria_GcyclE AGT ------------ GCCAGTGCTAGTGCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATGC ------ GAGGTCGTGTCTGCAGGA [153] 
ChrysothernisGcycl AGT ------------ GGGAGTGGGAGTGCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATGC ------ GAGGTAGTGTCTGCAGGA [153] 
SinningiaGcycl AGT ------------ GGGAGT ------ GCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATGC ------ GAGGTAGTGTTTGCAGGA [147] 
Kohleria_Gcycl AGT ------------ GGGAGTGGTAGTGCT --- AAGAGC ------------ ATTTCTTCCCCTTCT ------ GAATGT ------ GAGGTAGTGTCTGCAGGA [153) 
Gesneria_Gcycl AGT ------------ GGGAGTGGTAGTGCT --- AAGTGC ------------ ATTTCTTCCCCTTCT ------ GAATGC ------ GAGGTAGTGTCTGCAGGA [153] 
EpithemaGcycl TGT ------------ GCAAGTTCTAGTGCT --- AAGAGC ------------ ACTTCCTCCCCTTCT ------ GAA ------------ GTGGTG --------- [138] 
RamondaGcycl AGTTCTAGT ------ CCTAGTGCTAGTGCT ---AGGGGC-------- ---- ATTTCTTCCCCTTCC------ GAGTGC------ GAAGTAGTGTTA------ [153] 
Sti.holstiiGcyclA AGT ------------------ TCCAGCTCT --- AGAAGC ------------ ACTTCCTCCCCTTCA ------ GAATGT ------ GAAGTAGTATTG ------ [141] 
Sti .holstii_GcyclB AGC ------------------ TCTAGCTCT --- AGGAGC ------------ CCTTCCTCCCCTTCA ------ GAATGT ------ GAAGTTGCGTTG ------ (141] 
DidymocarpusGcyclC AGT ------------------ TCTAGTGCT---AGGAGC ------------ ACTTCTTCGCCTTCT ------ GAATGC --------- GTAGGGTTA ------ [138] 
DidymocarpusGcyclD AGT ------------------ TCTAGTGCT --- AGGGGC ------------ ACTTCTTCCCCTTCT ------ GAATGC ------ GAAGTAGTGTTA ------ [1411 
CyrtandraGcycl AGT ------------------ TCTAGTGCT --- AGGAGC ------------ ACTTCTTCCCCTTCT ------ GAATGC ------ GGAGTAGTGTTA ------ [1411 
Loxostigrna_GcyclC AGT ------------------ TCTAGTTCT --- AGGAGC ------------ ACTTCTTCGCCTTCT ------ GAATGC ------ GAAGTAGTGTTA ------ [1411 
LoxostigmaGcyclD AGT ------------------ TCTAGTGCT --- AGGAGC ------------ ACTTCTTCCCCTTCT ------ GAATGC ------ GAAGTAGTGTTA ------ [141] 
[ 
210 220 230 	240 	250 260 	270 280 	290 	300 
Schizanthus_cycl ------------------------ AATGAAGCAAAC --------------- CCTCCTGCCAAAACCAAA ------ 
I 
ACAAGTAGTCATGAC ------------ [168] 
Schizanthuscyc2 --------- GATCAAATAGCC --- AAATCA --------------------------------------------------- AGTACTGGT ------------ [159] 
Nicotiana_cyc2 ------------------------ ACAAAT --------------------- GAGGGTTCGGAAAGAAAG --------------------------------- [2131 
Nicotiana_cycl ---------------------------------------------------------------------------------------------- --------- 
[1741 
ScrophulariaScycl ------------------------ GAAAACGCCAGCTCA ------ GATTCGAAGAGCACTAAAGGGAAA --------------------------------- [183] 
ScrophulariaScyc2 --- AAC --------------- TTAGAA --------------------------- CATTCAAACCGAAAA --- TCGATATGTTTA ------------------ [183] 
Paulownia_Pcyc2 GGAAAT --- GGGGATGTT- - - TTTGAATATGGGAACTCTTTA ------ GGAGCAGGTTCAAAGAGGAAG - - -TTT- - -GGT--------------------- [216) 
PaulowniaPcycl --- AAT - - -GGGGAGGCT- - - TTTGAAAATGGGAAATCTTTA ------ GGGGCAGATTCAAAAGGAAAA - - -TCAGTTATGATGAAAGCT------------ [225] 
Antirrhunum_cyc ------------ GAT ------ TCTGAGAATGTGACA ------------ GAT --- CATTCAAAGGGGAAA --- TCACTG ------ AAGGCT ------------ [192] 
Antirrhunumdich ------------ GACTTGCCT---------------TATATT--------- GGATCATCAAAAGGAAAAGCTGCAGTAGGGCTAAATTCT------------ [201] 
Tetranema_Tcyc2 GGAAAT --- GGGGAGGCT- - - TCTGAGAATGGGAACTATTTG ------ GGAGCAGATTCAAAAGGGAAA --- TCGGTGCTGCTGAGCTCT ------------ [219] 
Calceolaria_Ccycl --- AAC --- GGTGAA --------------------- TTTTTA ------------ GATTCAAAGGGAAAA --- TCT --------------------------- [1561 
Calceolaria_Ccyc2 --------------------- ATAGAAAATGGGAAC ------------------ ATATCGAAGAGGAAA --- TCT --------------------------- [159] 
JovellanaCcyc2 --- AAT - - -GGAGAAGTT- - - CTTGAAAATGGGAACTGTGTATGG ------ GCAGATTTGAAGAGGAAA - - -TCT--------------------------- [186] 
Epitherna_Gcyc2 --- AATGATACTCAAGCT --- TTAGAAAACGGA --------------------------------------------------------------------- [171] 
RamondaGcyc2 ------------------------------ GGGAACTACATA ------ GATCCGGATTCTAATGCA ------------ CCGGCCAATTATTTTGCT ------ [195] 
CyrtandraGcyc2 --- ATA- - -GAG --------- TTGGAAAATGGGAACTACTTA------ GACGCGGATTATAATGGGAAC- - - TTGGTCCCGGCCAATACT ------------ (2131  
Besleria_Gcycl --- AATTACGGCGAAGCCCCTTACGAAAACGGGAGCTACGTGGCGTGTGCTGCGGATTCAAGGAAGA 	--------------------------------- [237) 
NapeanthusGcycl --- AAT - - -GGCGAAGCT- - - TTTGATTATGGAAACTATTTA ------ GGTGCAGATTCAAAGAAGAAA - - -TCAGCGCTTATGAATGCT------------ [2251 
Titanotrichum_Gcycl -- -CAT - - -GGTGAAACT- - - TTCGAAAATAGGAACTATTTA ------ GGAGCAGATTCAAAGAAGAAA - - -TCAGTACTGCTGAATTCT------------ [225) 
FieldiaGcyclE --- AAT --- GGTGAAGCT --- TTCGAATGGGAACTATTTA ------ GATGCAGATTCAAAGAGGAAA---TCGGTACTGCTGAATGCT ------------ [225) 
FieldiaGcyclF -- -AAT---GGTGAAGCT- -- TTCGAAAATGGGAACTATGTT ------ GGTGCAGAT ------------- -- GACCGTCCGTTAAACTACCAAAAAAACTTC (225] 
Mitraria_GcyclE - - -AAT- - - GGTGAAGCT -- -TTCGAAAATGGGAACTATTTA------ GGTGCAGATTCAAACAGGAAA- - -TCGGTACTGCTGAATGCT------------ [225] 
ChrysothemisGcycl --- AAT --- GGTGAAACT --- TTCGAAAATGGCAGCTATTTG ------ GATGCTGATTCAAAGAAGAAA --- TCACTGCCCGTGAATCCT ------------ [225) 
SinningiaGcycl --- AAT --- GGTGAAACT --- TTTcJAAAATGGCAGCTATTTG ------ GATGCGGAATCAAAGAAGAAA --- TCCATGCCCCTGTCCT ------------ [219] 
KohleriaGcycl --- ACT - - -GGTGAAACT- - - TTCGAAAATGGCAGCTATTTG ------ GATGCGGATTCAAAGAAGAAA - - -TCACTGCCCCTGAATTCT------------ [225] 
GesneriaGcycl --- ACT - - -GGTGAAfiCT- - -  TTCGAAAATGTCAGCTATTTG------ GATGCGGATTCAAAGAAGW- - - TCACTGTCCCTGAATCCT ------------ (2251  
Epi thernaGcycl --- AAT - - -GGGGAGGAT- -- TTTGAGACTGGGAATTCTTTAGTG------ GCCGATTCGAAGAGGAAG- - - TTGGTGGTTACG ------------------ [204] 
Ramonda_Gcycl --- AAT --- GGTGAA --------------------------------------- GATTCGAAGAAGAAA --------------------------------- [177) 
Sti .holstii_GcyclA --- AAT --- GGTGAGGCT --- TTTGAAGATGGGAACTGCTTACCA --- CACCCGGATTCG - --AGAAAA---TCGTCGTCGATGAATGCC ------------ [213) 
Sti .holstii_GcyclB ------------------ [210] 
DidyTnocarpusGcyclC --- AAT - - -GGTAAAGAT- - - TTTGAATATGGGAGTCGTTTATTA --- CCTGCGGATTCAAAGAGAAAA - - - TCTGAGTTGATGAATGCG------------ [213] 
DidymocarpusGcyc 1D - - - AM --- GGTGAAGCT- - - TTTGAAAATGGGACTTGTTTAGTA --- GGTGCAGATTCGAAGAGAAAA --- TGGGTATCGATTAACGCT ------------ [216] 
C'yrtaridraGcycl - - -AAT- - - GGTGAAGCT - - -TTTGAAAATGGGAGTTGTTTATTA- -GGTGCAGATTTGAAAAGAAAA- -- TCGGTATCGATGAATGCT ------------ [216] 
Loxost igmaGcyclC --- AAT --- CGTGAAGCT - - - TTTGAATTTGGGAGTTGTTTATTA- -- CCTGCGGATTCGAAGAGAAAA- - - TCAGTGTTGATGAATGCT ------------ [216) 
LoxostigrnaGcyclD --- AAT - - -GATGAGGCT- - - TTTGAAAATGGGAGTTATTTATTA - -GGTGCAGATTCGAAGAGAAAA- - - TGGGTATCGATGAATGCT ------------ [2161 
310 	320 	330 	340 	350 	360 	370 	380 	390 	400 
Schi zanthus_cycl ---------------CACCAAAAACAGGAGGCTAAAACA------------CTTCATGTCCTCGCGAGAGAGTCGAGGGACAAGGCTAGAGCAAGAGCTAGG [243] 
Schi zanthus_cyc2 ------------A AAAACAAAAACAG- -GTCAAGACACATGATCAGGCTACAGTTCTT- - - GCAAGGGAGTCAAGGGCTAGGGCAAGAGCAAGAGCTAGA (2431 
Micotianacyc2 --------- CCCAAAAGAGCAAAAGAA --- AAGAAAGAAQTAAGATGATCTTGTCCTAGTTGCAAGAGAGTCAAGGGCGAAGGCAAGAGCAAGAGCTAGG [303] 
Nicotianacyci AGAGCAAAACAAGAGGAG ------------------ GCTATACTTAi.TTTGGTTGCGAGAGAGTCAAGGGCAAGGCTAGAGCAAGAGCTAGG [249] 
Scrophularia_Scycl ------------------------------------GAGCCACGTCATCAGCTGGCAGATCTTGCTAAAGAGTCAAGGGCAAAGGCAAGGGCAAGGGCTAGC [249] 
ScrophulariaScyc2 ---------- - ------------------------------------------------- AGTGCTAAAGAGATGAGAGTCAAAGCAAGAGCAAGAGCTAGG [2251 
Paulownia_Pcyc2 ------------ AACAP.ACATAAAGGA- -GCAAAGGATCCACAGCAGGCAGCATCAAATCTTGCCAGAGTCAAGGGCAAAGGCAAGAGCAAGGGCTAGG [3031 
Paul own i a Pcyc 1 ------------ AACAAACATAAAGGA- - -  GGAAAGGATCCACAGCAGGCCGCATTAAATCTTGCAAAAGAGTCGAGGGTAAAGGCAAGAGCAAGGGCTAGG [312] 
Anti rrhunumcyc --------- AACAACAAATGTAAAGAA- - -  GCAATGGATTCACATCAAGCAGCA---------GCCAAAGAGTCGAGGGCGAAGGCGAGAGCGAGAGCTAGG [273] 
Ant irrhunum di ch ------------AACAAATGTAAAGGG ---  GGAP.GGGAC ------------ GCGGTGGATCTTGCGAAGGAGTCGAGGGCGAAGGCGAGAGCGAGGGCTAGG [276] 
Tetranema_Tcyc2 ------------ AACAAATGCAAAGGA- -GCAAAGGATTCACAGCAGGCTGCATTGAATCTTGCGAAAGAGTCGAGGGCAAACGCAAGAGCAAGGGCCAGA [3061 
Calceolaria_Ccycl --------------------- AAAGGATCTGGAPJAGAG ------------ GCGTTGAATCTCGCAAAAGAGTCGAGGGACAAGGAGAGAGCGAGAGCTAGG [2251 
Cal ceolar i aCcyc2 ---------------AAATGTAAGGGAGTAGTAAAAGATCCC---------GCGTTGAATAGTGTGAAAGAATCGAGGGATAAGGCGAGAGCGAGGGCTAGG [2371 
Jove 11 aria Ccyc2 --------------- AAATGTATAGGA- -- GTAAATGATCCC---------GCATTAAATCTTGCGAAAGAATCGAGGGATAAAGCTAGAGCAAGGGCTAGG (2611 
EpithemaGcyc2 ------------ AACAAATGTAAGAGG --- GGGAAAGATTTACCA---------TTGAATGTTGCTAAAGAATCAAGGGTTAAAGCAAGAGCAAGGGCTAGA [249] 
RarnondaGcyc2 ------------ TACGGTTGTGGAAGA --- ACAAGATCCACAGCAGGATGTAATGAACCTTGCCAAAGAATCGAGGGCTAAGGCGAGGGCGAGGGCTAGG [282] 
Cyrtandra_Gcyc2 ------------ TACAGATGTAGAAGA --- GCAAAGATGCACAGCAGGATGTATGGAACCTTGCCAAAGACTCGAGGGCTAAGGCAAGAACAAGGGCTAGG [300] 
Besleria Gcycl ------------------------------------GATCCACAGAAGAATGTGTTGAATCTTGCTAAAATGTCGAGAGCCAAGGCGAGGGCGAGGGCGAGG [303] 
Napeanthus_Gcycl ------------ TACAAATGTthAGGA --- CCAAAAGATCCACAGCAGGCTGCATTAAATCTTGCTAAAGAATCCAGGGCTAAAGCAAGAGCAAGGGCTAGA (312) 
Ti t anotr i chum Gcyc 1 ------------TACAAATGTAAAGAA ---  GCAAAAGATCCACAGCAGGCTGCATTAAATCTTGCTAAAGTATCAAGGGCTAAGGCAAGAGCAAGGGCTAGA [312] 
F ie 1 di a_Gcyc 1 E ------------TACAAATGTAAAGAA ---  GCAAAGATCCACAGCAGGCTGCATTAATCTTGCTAAAGTATCAAGGGCTAAAGCAAGAGCAAGGGCTAGA [312] 
F i e idi a_Gcyc 1 F AAGTTGAATGCTTACAATTGTAAAGAA ---  GCAAAAGATCCACAGCACGCTGCAATTAATCTAGCCAAAGTTTCAAGGTCTAAAGCAAGAGCAAGGGCTAGA (3241 
Mit rar i a Gcyc 1 E ------------ TACAAATGTAAAGAA- - -  GCAAAAGATCCACAGCAGCCTGCATTAAATCTTGCTAAAGTATCAAGGGCTAAAGCAAGAGCAAGGGCTAGA [312] 
Chrysothemis_Gcycl ---------AACTACAAGTGTAAAGATATTCAAAGATCCACAGCAGTCTGCATTATCTTGCTAAGTATCAAGGGCTAAGGCAAGGGCAAGGGCCAGA [3181 
Sinning i a_Gcyc 1 AATTACAAGTGTAAAGAATATTCAAAAGATCCACAGCAGTCTGCATTAAATCTTGCTAAAGTATCAAGGGCTAAGGCAAGAGCAAGGGCCAGA [3121 
Kohl er ia_Gcyc 1 AATTACAACTGTAAAGAATATTCAAPAGATCCACAGCAGTCTGCATTAAATCTTGCTAAAGTATCAAGGGCCAAGGCAAGAGCAAGGGCCAGA [318] 
Gesneri a_Gcyc 1 ATTTACAAGTGTAAGAATATTCAAGATCCACAGCAGTCTGCATTAAATCTTGCTAAAGTATCAAGGGCTAAGGCAAGAGCAAGGGCCAGA [318] 
Epi thema Gcyc 1 --------------- AGATGTAGAGGA- - -  GGTAAAGATCCGCAACTAGCTGTGCCAAATCATGAAAAAGAGTCGAGGGCAAAGGCCAGAGCGAGGGCCATG [288] 
RamondaGcycl ------------------ AGTAAAGAA --- GCAAAGGATCCAACGCAGATTGCATCAACACTAGCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCTAGG [258] 
Sti .holstiiGcyclA ------------AAAAAATGT------------AAAGATCCAGCACAGAGGGCATCAAAGCTAGCTAAAGAGTCAAGGGCTAAGGCTAGAGCAAGGGCTAGA [2911 
Sti .holstiiGcyclB ------------------------------GCTAGAGATCCAGCACAGAGTGCATCAACTCTAGCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCTAGG [282] 
Didymocarpus_GcyclC ------------ AACAAATGTAAAGGA- - -GCTAAAGATCCAACACAGAGTGCATCAACTCTATCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCTAGG (300] 
DidymocarpusGcyclD ------------ AACAAATGTAAAGGA- - -GCTAAAGATCCGTCACAGAGTGCATCAACTCTAGCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCTAGG [3031 
Cyrtandra_Gcyc 1 ------------AACAAATGTAAAGGA ---  GCTAAAGATCCAACACAGAGTGCATCAACTCTAGCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCTAGG [303] 
LoxostigniaGcyclC ------------ AACAAATGTAAAGGA --- GCTAAAGATCCAACACAGAGTGCATCAACTCTGGCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCAAGG [303] 
Loxos t ignla_Gcyc lD ------------AACAAATGTAAAGGA ---  GCTAAAGATCCAACTCAGAGTGCATCAACTCTAGCTAAAGAATCAAGGGCTAAGGCAAGAGCAAGGGCTAGG [303] 
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GAAAGAACAATCAACAAACTGTGGCCTCGA --- CTTGTTGGTGGC --- AAGAAA -------------- ------------- TCTAACTCATCATTG------ [3061 
GAAAGAACATCAACAAAATGTGGACCCGAATTGTTACTGOG ------ AAGAGATCA ------------------------------------ TTATCATGT [3031 
GAAAGAACAATCAAGAAAATGTGGAGTAGAATT ------ GAAACTAGCCAGAGGTCA ------ ACTTCTCAG --- TTG- - - ATCAGATCTAGTTTT ------ [3811  
GAAAGAACAATCAAGAAAATCT000CCCAAATT ------ GAAGCC --- AAACTTAAC ------ - - ---------------- TCATCATCAGTAGTA------ [3121 
GAAAGAACAAGAGAGAAAATGTGTATCAAGCAGATTTGGCGCT --- ACAAAC- - - ACCACTCTTCATGAA ------------------------------ [315)  
GAAAGAACAAGAGAGAAAATGTGTATCAAACAGCTTAATGAAGCTATTAGAAGAAAT ---  GGA- - - TATGAT - - - TTG - - - AGCCCTTCAATTCCA- --  ATT [312] 
GAAGAACAAGAGAGAAATGTGCATcAGcAGcTcTOGAGcc --- AGGAAC- - - ACGGGT --- TCTGAT -- - TTG - - -AACCCCTCCATCCCA- - - ATG [387] 
GAAAGAACAAGAGAGAAATTGTGCATCAAGcAGcTcAArGjTcc --- AGAAAC  --- AC000C ---  TATGAT --- TTG ---  AACCCCTCCATCCCA- - - ATT [396] 
GAAAGAACTAAGGAGAAGATGTGTATCAAACAACTGAATGAAGCTATA ------------------------------------------ GTACTG ------ [327] 
GAAAGAACTAAGGAGAAATGTGCATCAMCAGCTTAATCAAGAA --- AGAAAC- - - AAGAGC - - -TATGAG- - - TGG - - -AACCCCTCAGTTCTA- - - TTT [360] 
GAAAGAACCAAGGAAAAAATGTGCATCAAGCAGCTCAATGGCC --- AGAAAC ---  AAGGGTTCTTCAGAC ---  TOG ---  APLTCCCTCCATCCTA - - - ATT [3931 
GAAAGAACGAGGGAGAAAATGAACTTAAPAAAGCTCGACGAATCG --------------------------------------------------------- [270) 
GAAAGAACAAGAGAGAAAGTAAATGCGAAAAATCGATGAGTGC --- AGAAATAATATGTGTTCTTCTGAT- - - TTG ------------------------ (3091  
GAAAGAACAAGAGAGAAAGTAAACGCGA.AAACTCGACGAATGC --- AGAAGAAATAT000TTCTTCTGAT- - - TTG ------------------------ [3331  
GAAAGAACACAGGAGAAAATGTGCATM.AAAGCTTTGAATCG- - -AGAAAC- - - TTG - - -TCTTC000T- -- CTC ---  CACTCTTCAGACCCA- - - ATT [3331 
GAAAGAACTAGAGAGAAATGTGCAAGGAAGCTTAATGATTCT --- AGAAAC --- ATGGCCTCTCCTTCTAGCCTC - - -AATTTTCCCTTAGCT------ [369) 
GAAAGAACGAGAGAAAAAATGTGCATGAAGAAGCTTACTGAATCA --- AGCAAC ---  ATGGCT ---  TCTGAC - - - TTG ---  AACCTTTCAATCCCA ---  AGT [384) 
GAAAGAACGAGAGAGATGTGCATAGAGTTT?TGTCA- --  AGGAACAATATGTGTGGCCCTGATCATTTGATCAACCCTTCAAGCTCATCTT [4021 
GAAAGAACAAGAGATGAGCATCGAAGCTTAACGTCA --- ATAAAC ---  TTGGTC ---  CCTGAT --- TTG- - - AACCCCTCAAACCCA - - -ATT [396) 
GAAAGAACAAGAGAGAAAATGTGCATCWAAGCTTAACGAATCA --- AGAAAC --- ATGGGT  --- CCTGAT- -- TTG --- AACCCA------------ATT [387] 
GAAAGAACAAGAGAGAAAATGTGCATCAAAAAGCTTAACGAATCA --- AGAAAC - - - TTGGAT ---  CCTGAT ---  TTG ---  APCCCCTCAAACCCA ---  ATT [396) 
GAAAGAACAAGAGAGAAAATGTGCATCAAGATCTTAJCGTcG --- AGAAAC --- ATGGAT  --- CTTGAT --- TTG- - -AACCCCTCA- - - ACA - - -ATT [405] 
GAAGGAACAAGAGAGAAAATGTGCATCAAGAAGCTTAACGAATCA - - - AGATAC --- ATGGAT  --- CCTGAT- -- TCG --- AACCCCTCAAACCCA- - - ATT [3961 
GAGACAAGAGAGAAATGTGCATCAAGGCTTAATGAATCA --- AGAAGC ---  ATGGAT ---  CCTGAT ---  TTG ---  AACCCTTCAAACCAA ---  ATT [4021 
GAAAGAACAAGGAGAAAATGTGCATCAAGAAGCTTAATGAATCA --- AGAAAC - - -ATGGAT- --  CCTGAT --- TTG- - - AACCCTTCAAACCAA - - -ATT [3961 
GAAAGAACAAGAGAGAAAATGAGCATCAAGAAGCTTAATGTCA --- AGAAAC  --- ATGAAC ---  CCTGAT --- TTG - - -AACCCTTCAAACCAA --- ATT [402] 
GAAAGAACAAGAGAGAAAATGTGCATCAAGAAGCTTAATGAATCA --- AGAAAC ---  ATGGAC ---  CCTGAT ---  TTG ---  AACCCTTCAAACCAA ---  ATT [402] 
GPAGGACCAAGGAGAAAATGTGCATGAAGAAGCTCAATGACA --- AGAA.AC- - - TTGGGG - - -CCTGAT- - - GTG - - -AACCCTGCAATGCCA- - - ATG [372] 
GAAAGAACAAAGGAGAAATGTGCATCAAAAAGTTGAACGAATCA --- GGGAAA- - - ATGGTT - - -TCTCAT- -- CTA --- AGTCCTACAATC--------- [336] 
GAAGAACAAAGGAGAAAATGTGCATCAAGAAGCTGAATGAATCA --- AGC --- ATG ------------------------------------------ [3451 
-------------------------------------- ---- [ 336 ] 
GAGAACGAAGGAGAAkkTGTGCATCAAGAAGCTATGAATCA --- AGkAAC --- CTG ------------------------------------------ [354] 
GAAAGAACCAAGGAGAAAATGTGCATCAAGCAGCTAAATGAATCA- -- AGAAAC ---  ATGGGT ---  TCTATT- -- TTA --- AATCCTTCAGTTCCG ---  ATT [387] 
GAAAGAACCAAGGAGAAAATGTGCATCAGAAGCAAATGTCA- -- AGAAAC --- ATGTGT  --- TCTAAT - - - TTA- --  AATCCTTCCGTCCCA- - - ATT [387] 
GAAAGAACGAAGGAAAAAATGGGCATCAAGAAGCTAAATGAATCA --- AGAAAC --- ATG ------------------------------------------ (3571  
GAAAGAACCAAGGAGAAAATGTGCATCAAGAAGCTAAATGAATCA --- AGAAAC ---  ATGGGT ---  TCTAAT ---  TTA- -- AATCCTTCAGTCCCA - - -ATT [387) 
[ 
520 	530 	540 	550 	560 	570 	580 	590 	600 	6101 
.1 
Schizanthus_cyci --------- AAGGAGCATACACAGATGGAT --------------------------------------------------------- AAACCAATTTGT (339] 
Schizanthuscyc2 ------------CCCCAC------ATGGAT------------------------------------------------------ATACAACCACTTTGTGAT [333] 
Nicotiana_cyc2 ------------ CACCCAAATTTC ------------------------------------------------------------ TCTGCTCCTATA ------ [405] 
Micotiana_cycl AAGGAGCAGACTAAGATTGAT ------------------------------------------------------------ GAAATT ------ [339] 
ScrophulariaScycl ------------ CACCAAATTCCATTTAGGGTT---------------AGTAGTAAT--------------------------------------------- [3451 
Scrophularia_Scyc2 CATTATAATATGAATAATAATAAC----------- - -- -------------------TGTAATAATGGT---------------------GGAATTTCGGAA [360] 
Paul owni a_Pcyc2 CAATAT - - - AGGAAC ---  [4831 
Paulownia_Pcycl CAGTAT --- ATGAAC- - -AATCAACTTGAAGTTTGCAAAATA- - TCAGGTTCTACTAGC - -----------------AAGGTGGATGCTGGAATT------ [465] 
Antirrhunum_cyc AGGAACCAT --- CAATTTGAAGTT ------------ TCGGGTACCCGT --------------------------------------------- [360] 
Antirrhunumdich CAGTCAAG --- AGTAGTCAAcAATTTGGrr ------------ TCAGGTCCCTCA --------------------------------------------- [402] 
Tetranema_Tcyc2 CAGTCCAAGCACCATCAT --- CAATTTGAGTT ------------ TCAGGAAGCCGC ------------------------------------------ GAG [438] 
Calceolaria_Ccycl ------------ AAC --- CAAGTTTTTGAT ------------------------------------------------------------------------ [285] 
Calceolaria_Ccyc2 ------------ AAC --- AATATGTTC --------------------- AGTAGCAAT --------------------------------------------- [330] 
Jovellana_Ccyc2 ------------ AAC --- AATCTGTTT --------------------------- AATACC ------------------------------------------ [351] 
EpithemaGcyc2 CAGTCA --- AGAAAT --------------------------------------------------------------------------------------- [345] 
Ramonda_Gcyc2 AATAAT --------------------------------------------------------------------------------------- [375] 
CyrtandraGcyc2 CAGGCT --- AGAAAA --- AGTTTCTCAGAGTTTGCGTACCCCCT---TCTT --------------------------------------- ACTGAG [438] 
Sesleria_Gcycl CATTCA --- AGAAAC --- GATATGTTTGAAGTTTGT ------ CCCATG --- AGTAAT --------------------------------------------- [444] 
Napeanthus_Gcycl CAGTCT --- ACAAAC --- AATCCATTTGAC ------------------------------------------------------------------------ [420] 
TitanotrichumGcycl --------------------------------------- AGCGAT (441] 
FieldiaGcyclE CAGTTC---AGAAAC --- AATCTATTCGAATTTGCJTTA --- TCTGCTTCTT --------------------------------------- AGCGAG [450] 
Fieldia_GcyclF CAGTCT --- AGAAAC --- AATCTATTTGAAGTTTGCAAATTA---TCTGCTTCTC --------------------------------------- ATCCAG [459] 
Mitraria_GcyclE CAGTCC --- AGAAC---AATCTAATCGAATTTGCATCA --- TCTGCTTCTT --------------------------------------- AGCGAG [450] 
Chrysothemis_Gcycl CAG --------------------------------------------------------------------------------------------------- (405] 
Sinningia_Gcycl CAG--------------------------------------------------------------------------------------------------- [ 399 ) 
Kohleria_Gcycl CAG --------------------------------------------------------------------------------------------------- [405] 
Gesneria_Gcycl CAG --------------------------------------------------------------------------------------------------- [405] 
Epitherna_Gcycl CAG --------------------------------------------------------------------------------------------------- [375] 
RamondaGcycl ------------------------------------------------------------------------------------------------- - - --- [336] 
Sti.holstii_GcyclA --------- AACAAC --- AATTTTTTT --------------------- GCATCTGAT --------------------------------------- AGTCAC [375] 
Sti.holstiiGcyclB --------- AACAAC --- AATCTGTTT --------------------- ACATCTAAC --------------------------------------- AGCCAA [366] 
DidymocarpusGcyclC ------------ AAC --- AGTTTGTTCGAAGTTCATAGA --- CCATCTTCATCTAAC --------------------------------------- AGCCAG [399] 
DidyinocarpusGcyclD CAG ------ AGGAAC --- AATTTGTTTGAAGTGTGCAGA --- CCATCAGCATCTT --------------------------------------------- [432] 
CyrtandraGcycl CAG ------ AGAAAC---AATTTGTTTGAAGTTTGCAGA --- CCCTTTGCATCTAAT --------------------------------------------- [432] 
Loxostigma_GcyclC ------------ AAC --- AATTTGTTTGAAGTTTGCAGA --- CCATCTGCATCTAAT --------------------------------------- ATCCAG [402] 
LoxostigniaGcyclD CAG ------ AGGAAC --- ATTTGTTTGAAGTTTGCAGA---CCATCTGCATCTT --------------------------------------------- [432] 
[ 
620 	630 640 650 	660 	670 	680 	690 700 	710 	1 
1 
Schizanthus_cycl [339) 
Schizanthus_cyc2 TAC ------------------------------------------------------------ AAAAGAGCT --------- TGTGATTCA --- GCAATTAAA [363] 
Nicotianacyc2 ------------------------------------------------------------------------------------ GAGTCA------------ ( 411 ] 
Nicotiana_cyci --------------------------------------------------------------- AAAGAAATG --- ATTCAC --- GGATCTGTACTTGTGG (372) 
Scrophularia_Scyci ------------------------------------------------------ AGTAGTACT --- GGAAATCAT ------ CATGAG --------------- (369] 
Scrophularia_Scyc2 TCAATCTTCGATTATCCGATC- - -AATTAT- - - GAA --------------- GCATCATCAAATCATGAAGACCTAATT --- CATGAATCCATTTTAATAAGG [438) 
PaulowniaPcyc2 CCTATCTTCCATTGTCCCCTA - - - ACTAAT- - -GAA ------------------GCAGCTACT- - - GAAGACCTAATTCAA - - -GAATCTATTGTGATCAAA [5551 
PaulowniaPcycl CTCCATTGTCCCCCA - - - ACTTAT- - - GAA ------------------ GCAGCAACTCATGAAGACCTAATTCAA - - -GAATCCATTGTGATCAAA [5341 
Antirrhunumcyc --------------------------------- GAG ------------------ GCG --------------------------------- TTTGTT ------ (372) 
Antirrhuriumdich ------------------------ ACTAAT --------------------------------- TATGAAGAACTAAATCAA --- GAATCCATCATGATCG [444) 
Tet ranema_Tcyc2 CCGATCCTCCATTACCCCCTA --- GCTTAT --- GAA - -----------------GCTGCAACT ---  GAAGACCTAATTCATCATGAATCCATTATGATCG [513) 
Calceolaria_Ccycl --------- CACTTTCCATCG --- AGTAGT --------------------------- ACTGCT --- GAAGATCTTATTCGA --- GAATCGATTCTCGTG [342] 
CalceolariaCcyc2 ------------ TTTTCGTTA --- CCTAAT --- GAA --------------- GCTGTGGTAACT --- GAAGATTTTACTCAA --- GAATCGATTCTCATCAAG [393] 
Jovellana_Ccyc2 CATTTTCCGTTA - - - CCTAAT-- -GAA ---------------GCTGCAGCAACT- - - GAAGATTTTACTCAA ---GAPTCCGTTCTCATCAAA (417] 
Epitherna_Gcyc2 --------------- CACTTG --- AACAAT- - - ATA ------------ TCGGCTGCATCAAGT - - -GATGATCTAATTCAA- - - GAATCAGTTCTCATCAAA [4081 
Ramonda_Gcyc2 ------------------------ ACAGCT --- GCT ------------ GCTGCTGCTGCAACT --- GAAGAACTGATTCAT--- GAATCTCTTGTCATCAGA [432] 
Cyrtandra_Gcyc2 CCTAGGCTCCATTTTCCCTTA - -- ACCAAT------------------ ACAGCTGCTGCAACT- - - GAAGACCTAATTCAA - - -GAATCCCTTGTCATCAGA [513) 
BesleriaGcycl --------------------------------- GTGGCATCTTCTGCTGCAGCAGCTCCAkT --- GAAGACCTTTCGTCCATTGTCATC [507] 
NapeanthusGcycl CTCCATrGTCCCTTA --- ACTAAT --- GTA ------------ GCTGCACCAGAAACT --- GAAGACCTAATTCAA--- GAATCCATAGTCATCAAA [492] 
TitanotrichumGcycl CCTATCCTTCATTGTCCCTTA --- ACTAAT- - - GTA ------------ GCCGCTGCAGCAACT - - -GAAGACCTAATTCAA- - - GAATCCATAGTCATCAAA [519] 
Fieldia_GcyclE CCTATCCTTCATTGTCCCTTA - - - ACTAAT- - - GTA ------------ GCTGCTGCAGCAACT - - -GAAGACCTA I'TCAA- - GAATCCATTGTCATCAAA (528] 
Fieldia_GcyclF CCTCTTCTCCATTGTCCCTTA - - - ACTAAT- - - GAA ------------ ACTGCTGCCGCAACT - - -GAAGACCTAATTCAA- - - GAATCCATTGTCATCAAA [537] 
MitrariaGcyclE CCTATCCTCCATTGTCCCTTA --- ACTAAT---GTA ------------GCTGCTGCATCAACT- --GAAGACCTAATTCAA--- GAATCCATTGTCATCAAA (528] 
ChrysothemisGcycl CCTACCCTCCACTGTCCCTTA --- ACTAATAATGTA------------CCTGCTGCGACGACT- - - GAAGATTTAATTCAA - - -GAATCTATTGTCATTAAA [486) 
Sinning i a Gcyc 1 CCCACCCTCCACTGTCACTTA --- ACTAATAATGTA------------TCTGCTGCAACAACT ---  GAAGATTTAATTCAA- - - GAATCCATTGTTTTTAAA [4801 
Kohleria_Gcycl CCTACCCTCCACTGTCCCTTA --- ACTAATAGTGTA------------CCTGCTGCAACAkkT- - - GAAGATTTAATTCAA - - -GAATCCATTGTCATTAA1 [486] 
GesneriaGcycl CCTACCCTCCACTGTCCCTTA --- ACTAATAGTGTA------------CCTGCTGCAACAACT- - - GAAGATTTAATTCAA - - -GAATCCATTGTCATTAAA (486] 
EpithernaGcycl CCAATTTTCCAGTGTCCCTTG --- ACT --- GAA ------------ GCTGCATCCAAC ------ GAAGACCTAATTCAA --- GAATCTTTCACCGTTAGG [450] 
RamondaGcycl CCAATT --- CATTGCCCAATCATGACTGAT --- GAA------ ------------GCAACPAAT------GACATGATTCAA- - - GAATCCAATCTCATTAAA [405) 
Sti .holstii_GcyclA CCTGTTTTTCATTGCCCCATA-- -ACTAAT--- GAAGCTACT --------------- GCAACACATGAAGACCTAATTCAA---GAATCCAGTGTCATTW [453) 
Sti holstii_GcyclB CCTGTTCTTCACTGCCCCATA - - - ACTAAT- - - GAAGCTACT --------------- GCAACTCAACAAGACCTAATTCAA - - -GAATCCAGTGTCATTAAA [444] 
DidymocarpusGcyclC CCTATTCTTCATTGTCCCATA - - - TCCAAT- -GAAGCTACTGCTGCCACAGTGGCAGCAACT- - - GAACACCTAATTCAA - - -GAATCCAATGTCGTTAAA 14891 
DidymocarpusGcyclD AGTATTCTTCTTTGTCCCATA - - - ACTAGT- -GAAGCAACTACTGCTACAGTAGCAGCAACTCATGAAGACCTAATTCAA- - - GACTCCAATGTCATTAAA [525] 
Cyrtandra_Gcyc 1 AGTATTCTTCATTGTCCCATA --- ACTAAT ---  GAAGCAACTGCCTCTACAGTAGCAGCAACTCATGA GACCTAATTCAA --- GAATCCAATGTCATTAAA [525) 
Loxos t igma_Gcyc 1C CCTATTCTTCATTGTCCCATT --- ACCAAT  -- GAAGCTACTGCTGACACAGTAGTAGCAACT ---  AAACACCTAATTCAA- - - GAATCCAATGTCGTTAAA [492] 
Loxos t igma Gcyc 1D AGTTTTCTTCATTGrrCCATA --- ACTAAT- -- G AGC ACTGCTGCTACAGTAGCAGCAACTCATGAAGACCTAATTCAA ---  GAATCCAATGTCATTAAA [525] 
720 730 	740 750 	760 770 780 	790 	800 	810 	1 
Schizanthus_cyci --------------------- GTCAAACCCTCTTTAATCTTGGGTTTTCATGGCCAGAATCTCACTACTGCTCCAAAAGGGTCTATTTCAAACTACAGT- - -  [417] 
Schizanthuscyc2 GAAATGATGATC ------------AAACCCTGGGTCATTCTTGGGTTT--------------------- TCACCCAAATCTCAGTCCTCCAATCATGGGTTT [432] 
Nicotiana_cyc2 ------------------------------------------------------------ TCAACTACCTACTATGGTAGCTCTTCTTTCAAC --------- [444] 
Nicotianacyci AGGAAGAATATC --------------------------------------------------------------- AAGTCTTCTTCCTCAPCTTGGGTTTTC [411] 
Scrophularia_Scyci GGGATGGTTAAT --------------------- TCGATTTTCGAGTTT --- CAGCAAAATCTC- - - TTTGTTTCTAGAGATTTCACTTCAAACCACAACATG  [4441 
ScrophulariaScyc2 AGGAAATTTAAG --------- CAATATCCTCCATCAATTTTCGGGTTT --- CAACACAACCTT- - - ATATTTTCTCGGGATTCAAGTTCGAAC --------- [5161  
Paulownia_Pcyc2 CGGAAGTCGAAG ------------ AATCCA- -- TCATTTTTCGGGTTT --- CAGCAAAACCTT - - - ATTGTTTCGAGAGATTTGAGTTCAAACTACGGT- - [633] 
Paulowniapcycl AGGAAGGTGAAG ------------ CATCCC --- TCAATCTTCGGATTT- -CAGCCAAACCAT- - - ATCATTTCTAGAGATTCGAGTTCAAACTACAGT- - [612) 
Antirrhunumcyc ------------------------ CATCCA ------ GTTTTCGGGTTTCATCAGCAAAAC --------------------------------- TATGGC [408] 
Antirrhunumdich AGGAAGTTGAAG ------ CAGAACCACCCT --- TCAATGTTTGGGTTT --- CAACCTGAA ------------------------------------------ (492] 
Tetranerna_Tcyc2 AGGAAGTTGAAG ------------CACCCT ---  TCCATTTCTGCGCTTCATCAACAAAATCTC - - - AGCGGTTCGAGAAATTTGAATTCAAACTGCAGT ---  [594] 
CalceolariaCcycl AGGATGATGAGA ------------ CACCCT --- TCGATTTTCGGGTTC --- CAGCAAAACGAT --- ACCGTTTCAAGACAT ------ TCAAATTTTAATAAT [417] 
Calceolaria_Ccyc2 AGGATGATGAAA ------------ AACCCT --- TCGATTTTTGGGTTT --- CAGCAAAACATC --- GGCGGT ------------------------ AGT [447] 
JovellanaCcyc2 AGGATGATGAAA ------------ CTCCCT --- TCTATTTTCGGGTTT --- CAGCAGAACCTT --- AGCAGT ------------------------ AGT [4711 
Epithema_Gcyc2 AGGATGTTGAAG ------------ GACCCT --- TCATTTTTCGGGTTC --- CAAGAAAACCTT --- ATCATTTCCAGAGATTrG ------ AGTTACAGT [4801 
Ramonda_ Gcyc2 AGGATGTTGAAG ------ CAAAACCAT ------ TCAAATTTCGGGTTT --- CACCAPAAC ------------------------------------------ [477] 
Cyrtandra_Gcyc2 AGGATGTTGAAG ------------ CACAAT --- TCGATGCTCGGGTTT --- CAGCAAAAC ------------------------------------------ [555) 
BesleriaGcycl AGGATGTTGAAG ------------ CACCCGTCTTCGTTCTTCGGATTT --- CAACAAACCTT- - -ATTATTTCAAGAGATTTG------AACTGCACT- - [5821 
NapeanthusGcycl AGGATGTTGAAG ------------ CACCCT --- TCATTTTTTGGTTTC- -CAACAAAACCTT- - - ATCATTTCAAGAGATTTG ------ AACTGCAGC - - [564] 
TitanotrichumGcycl AGGATGTTGAAG ------------ CACCCT --- TCATTTTTTGGGTTT- -CAGCAA.ACCTT- - -ATCATTTCAAGAGATTTG------AACTGCAGT- - [591] 
Fieldia_GcyclE AGGATGCTGAAG ------------ CACCCT --- TCATTTTTTGGATTT --- CAACAAAACCTT --- ATCATTTCAAGAGATTTG ------ AACTGCAGT (600] 
Fieldia_GcyclF AGGATGTTGAAG ------------ CATCCT --- TCGTTTTTTGGATTT- -CAACAAAACCTT- - - ACCATTTCAAGAGATTTG ------ AACTGCAGT - - [609] 
MitrariaGeyclE AGGATGCTGAAG ------------ CACCCT - TCGTTTTTTGGATAT --- CAACAAAACCTT- --ATCATTTCAAGAGATTTG ------AACTGCAGT [600] 
ChrysothemisGcycl AGGATGTTGAAA --------- CAGTACCCT --- CCATTTTTTGGATTT --- CAACAAAACCTT - - - ATCATTTCAAGGGATTTG------AACTGCCAT [561) 
Siriningia_Gcycl AGGATGTTGAAA --------- CAGTACCCT --- TCATTTTTTGGATTT- -CAACAAAACCTT- - - ATCATTTCAAGGGATTTG ------ AACTGCAAT - - [555) 
KohleriaGcycl AGGATGTTGAAA --------- CAGTACCCG --- TCATTTTTTGGATTT --- CAACAACCTT --- ATCATTTCAAGGGATTTG ------ AACTGCAAT [561) 
Gesneria_Gcycl AGGATGTTGAAA --------- CAGTATCCT- -- TCATTTTTTGGATTT ---  CAACAAAACCTT - - -ATCATGTCAAGGGATTTG------AACTGCAAT- - [5611 
EpithemaGcycl AGAATGTCGAAG --------- CATCAGCCG ------ TTTTTCGGGTTT --- CAACAA --------------------------------------------- [489] 
Ramonda_Gcycl AGGATGATGAGG --------- CCGCACCCT --- TCGATTTTCGGGTTT ------------------------------------------ CATCGC ------ [447] 
Sti.holstii_GcyclA AGGATGCTGAGG --------- CATCACCAGTCGTCGTTTTTCGGGTTT ------------------------------------------ CAATI'CGGT [501] 
Sti.holstii_GcyclB AGGATGCTGAGG --------- CACCACCAG --- TCGTTTTTCGGGTTT ------------------------------------------ CATTGTGCCGCC [4921 
DidymocarpusGcyclC AGGATGTTGAGGCACCATTATTATCACCCT ---TCTTTTTTCGGGTTT------------------------------------------ CATTGCAGT- - [543] 
DidymocarpusGcyclD AGGATGCTGAGG --------- CACCACTCT --- TCGTTTTTCGGGTTC ------------------------------------------ CATTGCAGC [570] 
CyrtandraGcycl AGGATGCTGAGG --------- CACCACTCT --- TCGTTTTTCGGGTTC ------------------------------------------ CATTGCAGT [570] 
LoxostigrnaGcyclC AGGATGCTGAGG --------- CACCACCCT --- TCGTTTTTCGGGTTT ------------------------------------------ CATTGCAGT [537] 



































Loxos t igma_Gcyc 1 C 
Loxost igma_Gcyc 1D 
820 	830 	840 	850 	860 	870 880 	890 900 	910 
AACTGTTTTTCTAAT --------------------------------------------------- ACCCAGAATTGGGAT --- GTTAGTAACACTTTGA'rG [465) 
TTCTGCTGCTGCTAC --------------------------------------------- ACTACTACT --------------------------------- [456] 
--------------------------------- ACTGAGAATTTGGAC------ AAAGGCACAACT (471] 
ATCACCCGAATCTCAGTGGTACTGAAGAGGCTACAGCTAATrCGAACTACAATAGCTCCTCTTCTACCCGWTTGGGATC------------------ ATG [495] 
AATCCTACTCAT --------------------------------------------------------- GAAAATTGGGAT --------------------- [468] 
--- CCTACTCCA ------------------------------------------------ TTTACTACACAATCC --- GAC --------------------- [543] 
ATCCCATCTGCT ------------------------------------------------ AATACCACTGAGAATTGGGAT --- ATTTGTAGCTTCACC [681] 
ATCCCATCTCCTTAT --------------------------------------------- AACTCCACTGAGAATTGGGAT --- ATAAGTAACTTTACC [663] 
AACGCATCTCAT --------------------------------------------------------- GAGAACTGGGAT --- CAGAGTAACCTTTCT [447] 
--------------------------- AATGCCACTGAGAATTGGGATTATTACAGTAACTTTACC [531] 
ATCCCTTCTGCT ------------------------------------------------ AGTGCCACTGAGAATTGGGAT --- TATAGTAACTTTATC [642] 
TTTCAATCTCAT ------------------------------------------------ AATGTGAATGAGAATTGGGAT --- TTGAGCAACTTGAAC (465] 
TTTCCGTGTCCTAAT --------------------------------------------- AATGTCGGCGAGAACTGGGAT --- ATGAGTAGCTTAAAC [498] 
TTCCCATGTTCT ------------------------------------------------ AATGTGGGTGAGAATTGGGAT --- ATTAGTAACTTAAAC [519] 
ATCCCTTACGAT ------------------------------------------------ AGTGCCAATGAGAATTGGGAT --- ATCAGTACCTTAAGC [528] 
--------------------------------------------------------------- TTAAATCAGAATTGGGAT --- ATGAGCAACTTAACA [510] 
--------------------------------------------------------------- GTAAATCAAAATTGGGAT --- ATTAGCAGCTTAACA [588] 
CTCCCATCTCCT ------------------------------------------------ AATGTGAGTGACAATTGGGAT --- ATTAGTAGCTTTAAC [630] 
CTCCCATCTGCT ------------------------------------------------ AATATCAATGAGAATTGGGAT --- ATTAGTAGCATAACC [612] 
ATCCCATCTCCT ------------------------------------------------ AACGTCAATGATAATTTCGAT --- ATCAGTAGCTTAACC [639] 
CTCCCATCTCCT ------------------------------------------------ AATATCAATGATAATTGGGAT --- ATCAGTAGCTTAACC [648] 
CTCCCATCTCCT ------------------------------------------------ AATATCAATGATAATTGGGAT --- ATTAATAGCTTAACC [657] 
CTCCCATCTCCT ------------------------------------------------ AATATCAATGATAATTGGGAT --- ATCAGTAGCTTAACC [6481 
CTCCCTTCTCCT ------------------------------------------------ AATATCAACGACAATTGGGAT --- ATCAATAGCTTAACC [609] 
CTCCCTTCTCCT ------------------------------------------------ AATATCAACGATAATTGGGAT --- ATCAATAGCTTAACC- - [603] 
CTCCCTTCACCT ------------------------------------------------ AATATCAACTATAATTGGGAT --- GTCAATAGCTTAACT [609] 
CTCCCTTCACCT ------------------------------------------------ AATATCAACGATAATTGGGAT---ATCAATAGCTTAACC [609] 
--------------------------------- AATGAGAACTGGGAT---ATAACCAGTTTACCC [519] 
------------------------------------------------------------ GATGTCAATGAGAATTGGGAT --- ATCAGCAGCTTAACA [483] 
TTACCATCTCCT ------------------------------------------------ TATGTCAATGAGAACTGGGAT --- GTTGGCAGCTTAACA [549] 
CTACCGTCTCCT ------------------------------------------------ GATGTCAATGAGAACTGGGAT --- GCTGGCAGCTTAACC [540] 
TTCCCATCTCCA ------------------------------------------------------ AATGAGAATTGGGAT --- GTTAGCAGTTTAACC [585] 
CTTCCAGCTCCT ------------------------------------------------ AATGTCAATGAGGATTGGAAT --- GTTAGCAGCTTAACC [618] 
CTCCCATCTCCT ------------------------------------------------ AATGTTAATGAGAATTGGGAT --- GTTAGCAGCTTAACC- - [618] 
CTCCCATCAACT ------------------------------------------------ AATGTCAATGATAATTGGGAT --- GTCAGCAGTTTAACC- - [585] 
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AGCTCCAGTTTAAGTGCTGCAATGACTACCAGTGCTAATAATTACTCATCACAA --------- GTATCAAAGTTGC ------ GATCAG ------------ [5401 
------------ - - ------------------------- ACATTA------------------------ [462) 
TCAGAA --- CTTCAA ------------ GGTCGCTGG --------------------- AAACAATTG --- GACTCATGTCACAGCAACCAA ------------ [522) 
ATG ------------------------------------------------------------------------ TTA --- ATCGAACAA ------------ [5101 
--------------------------------------------------------------- GTTTGTGCCATTTTG ------ GATCAGCACAAATTCATA [5011 
--------------------------------------------------------------- GTTTGGGCCATTTTG ------ GATCAGCACAAATTCATA [576) 
------------------------------------------------ TCACAATCCAAC --- CTGTGCGCCATTTTG ------ GATCAGCACAAATTCATA [726] 
------------------------------------------------ TCACAATCCAAC 
--- ATATGTGCCATTTTG------ GATCAGCACAAATTCATA [708) 
------------------------------------------------ TCGCAGTCGAACCAGCTATGCGCCATTTTG ------ AATCAGCACAAGTTCATA [495) 
------------------------------------------------ TCACAGTCCAACCAGCTATGTGCCATTTTG ------ GATCAGCATAAGTTCATA (579) 
------------------------------------------------ GCACAGTCCAACCAGCTATGTGCCATTTTG ------ GATCAGCACAAATTCATA [690) 
------------------------------------------------ TCACAATCCAAC --- TTATCGGACATTTTG ------ GATCAGCACAAATTCATA (510] 
------------------------------------------------ TCACAAACCAAT---TTGTGTGACATTTTG ------ GATCAGCACAAATTCATA [543) 
------------------------------------------------ TCACAATCCAAT --- CGGTGTGACATTTTG ------ GATCAGCACAAATTCATA [564] 
------------------------------------------------ GAACAATCCAAC ------------ ATTTTG ------ GATCAGCACAAATTCATA [5641 
------------------------------------------------ GCACAATCCGAA --- CTATGTGACATTTTG ------ GATCAGCACAAATTCATA [555] 
------------------------------------------------ GCACGATCCAAC---CTATGTGACATTTTG ------ GATCAGCACAAATTCATA [633] 
------------------------------------------------ TCACAGTCAAAT---CTATGTGACATTTTG ------ GATCAGCACAAATTCATA [675] 
------------------------------------------------ TCACAATCCAAC --- CTATGCGACATTTTG ------ GATCAGCACAAATTCATA [657] 
------------------------------------------------ TCACAATCCAAC --- CTATGTGACATTTTG ------ GATCAGCACAAATTCATA [684) 
------------------------------------------------ TCACAATCCAAC --- CTATGTGACATTTTG ------ GATCAGCACAAATTCATA [693] 
------------------------------------------------ TCACAATCCAAC --- ATATGTGACATTTTG ------ GATCAGCACAAATTCATA [702] 
------------------------------------------------ TCACAATCCAAC --- CTATGTGACATTTTG------ GATCAGCACAAATTCATA [693] 
------------------------------------------------ TCACAATCCAAC --- CTGTGTGACATTTTG ------ GATCAGCACAAATTCATA (654) 
------------------------------------------------ TCACAATCCAAC --- CTGTGTGACATTTTG ------ GATCAGCACAAATTCATA [648] 
------------------------------------------------ TCACAGTCCAAC --- CTGTGTGACATTTTG ------ GATCAGCACAAATTCATA [654] 
------------------------------------------------ TCACAGTCCAAC --- CTGTGTGACATTTTG ------ GATCAGCACAAATTCATA [654] 
------------------------------------------------ TCACAATCCAAT --- CTTTGTGACATTTTG ------ GATCAGCACAAATTCATA [564) 
--------------------------------------------- TCGTCACAATCCAAC --- TTCTGTGACATTTTG ------ GATCAGCACAAATTCATA (531] 
------------------------------------------------ TCCCAATCCAAT---TTGTGTGACATTTTG ------ GATCAGCACAAATTCATA [594] 
------------------------------------------------ TCACAATCCAAC --- TTGTGTGACATTTTG ------ GATCAGCACAAATTCATA [585] 
------------------------------------------------ TCGCAAACCAAC --- TTTTGTGACATTTTG ------ GATCAGCACAAATTCATA [630) 
------------------------------------------------ TCACAATCCAAC --- TTTTGTGACATTTTG ------ GATCAGCACAAATTCATA [6631 
------------------------------------------------ TCACAATCCAAC --- TTTTGTGACATTTTG ------ GATCAGCACAAATTCATA [663) 
------------------------------------------------ TCACAATCCAAC---TTTTGTGACATTTTG ------ GATCAGCACAAATTCATA [630) 
------------------------------------------------ TCACAATCCAAC---TTTTGTGACATTTTG ------ GATCAGCACAAATTCATA [663] 
APPENDIX 5. Aligned matrix for the CYCLOIDEA amino acid sequence (Chapter 2) 
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MLGFDKPSKTLDWLFTNSKLAIDDL --------------- ITRA-KS --- AIS ----- QC-HEETI ---------- NEAN ----- PPAKTK--TSSHD 	[56] 
MLGFEKPSKTLDWLFTNSKLAIEVL --------------- SAR--KNPASSIS ----- QCEQKPPV ----- DQIA-KS ----------------- STG [53] 
ILGFDKPSKTLDWLFTNSKAIEELWSTH -- QDH{PK - IAGATKSSCNETAyICASQCE-DIT---------TN-------EGSERK---------(71) 
MLGFDKPSKTLDWLFTKSKLAIEELTT-AQIK-ITS-PNESSAAKKST-SSIN ---- SECE-DVVLA --------------------------------- 	[58) 
MLGFDKPSRTLDWLLTESKPAIKELA ------------- ASGRGNKSR---ISSPSD-QC--EVVSV --------- ENASS--DSKSTKGK --------- [61) 
MLGFDKPSKTLDWLLTESKASIKDL --- ILKK-K5 --------- QNGV--VSSSPF--EC--EVISSR-N ----- LE --------- i-iSNRK-SICL 	[61) 
-----[72] 
[75) 
MLGFDKPSKTLDWLLTKSKTAIKEL --- VQSK -------- ST --- KSN --- SSSPCD-DCE-EVVSV ----- D--SENVT ---- D-HSKGK-SL--KA 	[64] 
MLGFDKPSKTLDWLLTKSKEAIKEL --- VQSK -------- SS --- KSN--ISNSPS--ECDQEVLSA ----- DLP ----- YI --- GSSKGKAAVGLNS [67) 
MLGFDKPSKTLDWLLTKSKAAIKEL --- VQSK ---------- SA-KS --- ASSSPS--ECE-EVVSAGGN-GEA-SENGNYL--GAIJSKGK-SVLLSS 	[73] 
MLGFDKPS}CTLEWLLTKSKSAIKE ------ TK-E ----------- KC --- TSSSPS--EC ---- VSAG-N-GE ------- FL ---- DSKGK-S ------- [52] 
MLGFIJKPSKTLDWLLTKSKAAIKEL --- VQNK-Q ------- GTD-KN ------- IY--ECD-EV ----------- IENGN ------ ISKRK-S ------- 	[53] 
MLGFDKPSKTLEWLLTTSKADIKEL---VQTK-Q ------- STA-KN ------- IS--EC--EAVS --- N-GEV-LENGNCVW--ADLKRK-S ------- [62] 
MLGFDKPSKTLEWLLTKSKAAINEL --- VQMK-KS --- TTSTST--5 ------- AR--EC--QAPSTG-NDTQA-LENG --------------------- 	[57) 
MLGFDKPSKTLEWLLTKSKAAIKEL --- VQMK-K14 --- DSTTCTNMS --- vvSSpS--DC--D --------------- GNYI--DPDSNA ---- PANYFA [65) 
MLGFDKPSKTLEWLLTKSKTAIKEL---VQIK-KS --- DAPTCTNKR ---- ISSpS--Gc--Ev ----- I-E --- LENGNYL--DADYNGN-LVPANT 	[71) 
MLGFDKPSKTLEWVLKKSKAGIKEL - - -VQTKENSGNANASASAAKS- - - -ISSPS- -EC- - EWSAG-NYGEAPYENGSYVACAADSRKJ(---------[79] 
MLGFDKPSKTLEWLLTKSKAAIKL --- VHTK-KS ---- ASASA-KS ---- NSSPS--EC--EVVSAG-N-GEA-FDYGNL--GSKCJC-SMNA 	[75] 
MLGFDKPSKTLEWLLTKSKAIKEL --- VQTK-KST ---- SASA-KS ---- ISSpS--EC--EvSAG-H-GET-FENpyL--GsyJ(-svLg [75] 
[75) 
MLGFDKPSKTLEWLLTKSKSAIKEL---VQTK-KS ---- GSASA-KS ---- ISSPS--ES--EWSAG-N-GEA-FENGNYV--G -----DRPLNYQK 	[73) 
MLGFDKPSKTLEWLLTKSKAAIKEL --- VQTK-KS ---- ASASA-KS ---- ISSpS--EC--EVVSAG-N-GEA-FENGNYL- -GADSNRK-SVLLNA [75) 
[75) 
MLGFDKPSKTLDWLLIKSKAIKEL --- VQAK-KS ---- GS--A-KS ---- ISSPS--EC--EWFAG-N-GET-FENGSYL--DAESJ(-SMPP- 	[73] 
MLGFDKPSKTLDWLLTKSKAAIKEL - - -VQAK-KS----GSGSA-KS----ISSPS--EC--EVVSAG-T-GET-FENGSYL--DADSKKK-SLPLNS [75] 
MLGFDKPSKTLDWLLSKSKAAIKEL - - -VQAK-KS----GSGSA-KC----IS5PS--EC--EV5AG-T-GET-FENSyL--DSyJcj(-SLSp 	[75] 
MLGFDKPSKTLEWLLTKSKIKDL---VLSK-KC ---- ASSSA-KS ---- TSSPS--E ---- V\/ ---- N-GED-FETGN5LV--SyK-L 	 [68] 
MLGFDKPSKTLDWLLTKSKVAIKDL --- VHTK-KSSS--PSASA-RG ---- ISSPS--EC--EVVL---N-GE ------------- DSKKK --------- 	[59) 
MLGFDKPSKTLDWLLTKSKVAIICDL --- VLNK-TS ------ SSS-RS ---- TSSPS--EC--EVVL --- N-GEA-FEDGNCLP-HPDS-RK-SSSMNA-- [71) 
MLGFDKPSKTLDWLLTKSKVAIKDL ---VLTN-KS------SSS-RS----PSSPS--EC--EVAL---N-DEA-FQDGSCLL-PPDSKRN-SAST-- -- 	[70] 
MLGFDKPSKTLDWLLTKSKVAIKDL --- LHTK-KS ------ SSA-RS ---- TSSPS--EC --- VGL --- N-G-FEYGSRLL-pADSK-sELA-- [71] 
MLGFDKPSKTLEWLLTKSKVAIKDL---VHAK-KS ------ SSA-RG ---- TSSPS--EC--EVVL --- N-GEA-FENGTCLV-GADSKRK-WvSINA-- 	[72] 
MLGFDKPSKTLEWLLTKSKVAIKDL --- V}jTK-KS ------ SSA-RS ---- TSSPS- -EC--GVVL---N-GEA-FENGSCLL-GADLKRK-SVSMNA-- [72) 
MLGFDKPSKTLEWLLTKSKAAIKDL --- VHTK-KS ------ SSS-RS ---- TSSPS--EC--EVVL --- N-REA-FEFGSCLL-PADSKRK-SVLMNA-- 	[72] 
MLGFDKPSKTLEWLLTKSKVAIKDL --- VHTK-KS ------ SSA-RS ---- TSSPS--EC--EVVL --- N-DEA-FENGSYLL-GADSKRK-WVSMNA-- [72] 
110 	120 	130 	140 	150 	160 	170 	180 	190 	2001 
Schizanthuscycl HQKQEAKT ---- LHVLARESRDKARARARERTINKL?PR-LVGG-KK --------- SNSSL ----- KEHTQMD ------------------- K [110) 
Schizanthuscyc2 KKQKQ-VKTHDQATVL-ARESRARARARARERTINKMWTRIVTG--KRS ------------ LSC ---- PH--MD ------------------ IQ [107] 
Nicotiana_cyc2 PKKE-KKEVKDDLVLVARESRAKARARARERTIKKMWSRI--ETSQRS--TSQ-L-IRSSF ------ HPNF -------------------- SA [133] 
Nicotiana_cycl RAKQEE ------ AILNLVARESRAKARARARERTIKKIWAQI--EA-KLN -------- SSSVV ----- KEQTKID -------------------- [111] 
ScrophulariaScycl -------------- EPRHQLADLAXESRAKARARASERTREKNCIKQINGA-TN-TTLHE -------------- HQIPFRV ----- SSN ----------- (115) 
ScrophulariaScyc2 ---------------------- SAKEMRVKARARARERTREKMCIKQLNEAIRP.N-G-YD-L-SPSIP-IHYNMNNNN ----------- CNNG ------- [1161 
Paulowniapcyc2 NKHKG-AKDPQQAASNLAKESRAKARARARERTREKMCIKQLNGA-RN-TG-SD-L-NPSIP-MQY-RN-NQLEVFQLSAGSSSNNLSCLKANA [157) 
Paulownia_Pcycl NKHKG-GKDPQQAALNLAKESRVKARAR.ARERTREKLCIKQLNES-RN-TG-YD-L-NPSIP-IQY-MN-NQLEVCKI-SGSTS------KVDA [153] 
Antirrhunumcyc NNKCKE-AMDSHQAA --- AKESRAKARARARERTKEKMCIKQLNEAI -------------- VL ----- RNH-QFEV ---- SGTR ----------- [120] 
Antirrhunumdich NKCKG-GRD ---- AVDLAKESRAKARARARERTKEKMCIKQLNQE-RN-KS-YE-W-NPSVL-FQSK-SSQQFEV ---- SGPS ----------- [134] 
TetranemaTcyc2 NKCKG-AKDSQQPJLNLAKESRAKARARARERTKEKMCIKQLNEA-RN-KGSSD-W-NPSIL-IQSKHffl{-QFEV----SGSR----------- (145) 
CalceolariaCcycl --------- KGSGKE ---- ALNLAKESRDKERARARERTREKMNLKKLDES ----------------------- N-QVFD -------------------- [95] 
CalceolariaCcyc2 KCKGVVKDP --- ALNSVKESRDKARARARERTREKVNAKKIDEC--RNNMCSSD-L ------------ N-NMF ------- SSN ----------- [110) 
Jovellana_Ccyc2 KCIG-VNDP --- ALNLAKESRDKARARARERTREKVNAKKLDEC-RRNMGSSD-L ------------ N-NLF --------- NT ---------- [117) 
EpithemaGcyc2 NKCKR-GKDLP --- LNVAKESRVKARARARERTQEKMCIKKLNES-RN-L-SSG-L-HSSDP-IQS-RN ------------------------- [115] 
RarnondaGcyc2 YGCGR-TKDPQQDVMNLAXESRAKARARARERTREKNCKKKLNDS-RN-MASPSSL-NFPLA ----- NW ------------------------- [125) 
CyrtandraGcyc2 YRCRR-AKDAQQDVWNLAKDSRAKARTRARERTREKNCMKKLTES-SN-MA-SD-L-NLSIP-SQA-RK-SFSEVCKVPP-SN-----------  
BesleriaGcycl -------------- DPQKTLNLAKMSRAKARAPARERTREKMCIKKFNES-RNNMCGPDHLINPSSSSIHS-RN-DMFEVC--PM-SN ----------- [148) 
NapeanthusGcycl YKCKG-PKDPQQAALNLAKESRAKARARARERTREKMSIKKLNES-IN-LV-PD-L-NPSNP-IQS-TN-NPFD-------------------- (140] 
TitanotrichumGcycl ------ YKCKE-AKDPQQAALNiAKVSRAKARARARERTREKMCIKKLNES-RN-G-PD-L-NP ---- IQS-RN-NLFKACKL-SASN -----------  
FieldiaGcyclE YKCKE-AKDPQQAALNLAKVSRAKARARARERTREKNCIKKLNES-RN-LD-PD-L-NPSNP-IQF-RN-NLFEICKL-SASN----------- [148] 
FieldiaGcyclF NFKLNAYNCKE-AKDPQQAAINLAKVSRSKARARARERTREKNCIKNLNES-RN-MD-LD-L-NPS-T-IQS-RN-NLFEVCKL-SASN----------- [151) 
MitrariaGcyclE YKCKE-AKDPQQPALNLAKVSRAKARARAREGTREKMCIKKLNES-RY-MD-PD-S-NPSNP-IQS-RN-NLIEICKS-SASN----------- [148) 
ChrysothemisGcycl NYKCKEYSKDPQQSALNLAKVSRAKARARARERTREKMCIKKLNES-RS-MD-PD-L-NPSNQ-IQ----------------------------- (135] 
SinningiaGcycl NYKCKEYSKIJPQQSALNLAKVSRAKARARARERTKEKMCIKKLNES-RN-MD-PD-L-NPSNQ-IQ----------------------------- [133) 
KohlerjaGcycl NYNCKEYSKDPQQSALNLPJ(VSRAKARARARERTREKMSIKKLNES-RN-MN-PD-L-NPSNQ-IQ----------------------------- [135] 
GesneriaGcycl IYKCKEYSKDPQQSALNLAKVSRAKARARARERTREKMCIKKLNES-RN-MD-PD-L-NPSNQ-IQ----------------------------- [135) 
EpithemaGcycl RCRG-GKDPQLAVPNIIEKESRAKARARANERTKEKMCNKKLNET-RN-LG-PD-V-NPAMP-MQ----------------------------- [125] 
RamondaGcycl SKE-AKDPTQIASTLAKESRAKARARARERTKEKMCIKKLNES-GK-MV-SH-L-SPTI --------------------------------- [112] 
Sti.holstiiGcyclA KKC ---- KDPAQRASKLAKESRAKARARARERTKEKMCIKKLNES-RN-M ----------------- NN-NFF ------- ASD ----------- [123] 
Sti.holstilGcyclB ------------ ARDPAQSASTLAKESRAKARARARERTKEKLCIKKLNES-RN-M ----------------- NN-NLF ------- TSN ----------- [1201 
DidymocarpusGcyclC ------ NKCKG-AKDPTQSASTLSKESRAKARARARERTKEKMCIKKLNES-RN-L ------------------ N-SLFEVHR-PSSSN ----------- (131) 
DidymocarpusGcyclD ------ NKCKG-AKDPSQSASTLAKESRAKARARARERTKEKMCIKQLNES-RN-MG-SI-L-NPSVP-IQ 	RNNLFEVCRPSASN----------- [144) 
CyrtandraGcycl NKCKG-AKDPTQSASTLAKESRAKARARARERTKEKNCIKKQNES-RN-MC-SN-L-NPSVP-IO--RN-NLFEVCR-PFASN----------- [144) 
LoxostigmaGcyclC NKCKG-AKDPTQSASTLAKESRAKARARARERTKEKMGIKKLNES-RN-M ------------------ N-NLFEVCR-PSASN ----------- [132] 
LoxostigmaGcyclD NKCKG-AKDPTQSASTLAKESRAKARARARERTKEKMCIKKLNES-RN-MG-SN-L-NPSVP-IQ--RN-NLFEVCR-PSASN----------- [144] 
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PlC ------------------------------------------ VKPSLILGFHGQNLTTAPKGSISNYS-NCFSN ----------------- TQNWD [149] 
PLCDY -------------------- KRA --- CDS-AIKEMMI ---- KPWVILGF ------- SPKSQSSNHGFFCCCY --------------- TTT ----- [152] 
P1 ------------------------------ ES ------------------------ STTYYGSSSFN ------------------------- TENLD [153) 
El -----------------------KEM-IH-GSVLVERKNI ---------------------KSSSSTWVFITRISVVLKRLQLIRTTIAPLLPEIGI  
SST-GNB--HE ----- GMVN ------- SIFEF-QQNL-FVSRDFTSNHNMNPTH ------------------- ENWD [156) 
GISESIFDYPI-NY-E ----- ASSNHEDLI-HESILIRRKFK --- QYPPSIFGF-QHNL-IFSRDSSSN ---- ATP ---------------- FTTQS-D [1811 
GIREPIFHCPL-TN-E ------ AAT-EDLIQ-ESIVIKRKSK ---- NP-SFFGF-QQNL-IVSRDLSSNYG-IPSA ---------------- NTTENWD [222) 
GI ---- LHCPP-TY-E ------ AATHEDLIQ-ESIVIKRKVK ---- HP-SIFGF-QPNH-IISRDSSSNYS-IPSPY --------------- NSTENWD (216) 
E ------ A ----------- FV ---------- HP--VFGFHQQN ----------- YG-NASH ------------------- ENWD [144] 
TN-----------YEELNQ-ESIMIKRKLK--QNHP-SMFGF-QPE---------------------------------- NATENWDY [172] 
--- EPILHYPL-AY-E ------ AAT-EDLIHHESIMIKRKLK ---- HP-SISALHQQNL-SGSRNLNSNCS-IPSA ---------------- SATENWD [209] 
HFPS-SS --------- TA-EDLIR-ESILVKRMMR ---- HP-SIFGF-QQND-TVSRH--SNFNNFQSH ---------------- NVNENWD (150] 
FSL-PN-E ----- AVVT-EDFTQ-ESILIKRMMK ---- NP-SIFGF-QQNI-GG -------- S-FPCPN --------------- NVGENWD [161] 
HFPL-PN-E ----- AAAT-EDFTQ-ESVLIKRMMK ---- LP-SIFGF-QQNL-SS -------- S-FPCS ---------------- NVGENWD [168] 
FIL-NN-I ---- SAASS-DDLIQ-ESVLIKRMLK ---- DP-SFFGF-QENL-IISRDL--SYS-IPYD ---------------- SANENWD [171) 
TA-A ---- AAAAT-EELIH-ESLVIRRMLK--QNI-l--SNFGF-HQN ----------------------------------- LNQNWD  
--TEPRLHFPL-TN ------ TAAAT-EDLIQ-ESLVIRRMLK ---- HN-SMLGF-QQN ----------------------------------- VNQNWD [191] 
VASSAAAAPN-EDLIQ-ESIVIKRMLK ---- HPSSFFGF-QQNL-IISRDL--NCT-LPSP ---------------- NVSDNWD [205) 
LHCPL-TN-V ---- AAPET-EDLIQ-ESIVIKRMLK ---- HP-SFFGF-QQNL-IISRDL--NCS-LPSA ---------------- NINEND [199] 
--SDPILI-{CPL-TN-V ---- AAAAT-EDLIQ-ESIVIKRMLK ---- HP-SFFGF-QQNL-IISRDL--NCS-IPSP ---------------- NVNDNFD (208] 
--SEPILHCPL-TN-V ---- AAAAT-EDLIQ-ESIVIKRMLK ---- HP-SFFGF-QQNL.-IISRDL--NCS-LPSP ---------------- NINDNWD (211] 
--IQPLLHCPL-TN-E ---- TAAAT-EDLIQ-ESIVIKRMLK ---- HP-SFFGF-QQNL-TISRDL--NCS-LPSP ---------------- NINDNWD [214] 
--SEPILHCPL-TN-V ---- AAAST-EDLIQ-ESIVIKRMLK ---- HP-SFFGY-QQNL-IISRDL--NCS-LPSP ---------------- NINDNWD [211] 
---- PTLHCPL-TNNV ---- PAATT-EDLIQ-ESIVIKRMLK --- QYP-PFFGF-QQNL-IISRDL--NCH-LPSP ---------------- NINDNWD [198] 
---- PTLHCHL-TNNV ---- SAATT-EDLIQ-ESIVFKRMLK --- QYP-SFFGF-QQNL-IISRDL--NCN-LPSP ---------------- NINDNWD [196] 
---- PTLHCPL-TNSV ---- PAATN-EDLIQ-ESIVIKRMLK --- QYP-SFFGF-QQNL-IISRDL--NCN-LPSP ---------------- NINYNWD [198] 
---- PTLHCPL-TNSV ---- PAATT-EDLIQ-ESIVIKRMLK --- QYP-SFFGF-QQNL-IMSRDL--NCN-LPSP ---------------- NINDNWD [198] 
---- PIFQCPL-TN-E ---- AASN--EDLIQ-ESFTVRRMSK --- HQP--FFGF-QQ ------------------------------------- NENWD [168] 
---- PI-HCPIMTD-E ------ ATN--DMIQ-ESNLIKRMMR --- PHP-SIFGF -------------- HR ---------------------- DVWENIJD (1561 
--SHPVFHCPI-TN-EAT ----- ATHEDLIQ-ESSVIKRMLR --- HHQSSFFGF -------------- QFG-LPSP ---------------- YVNENWD [178] 
--SQPVLHCPI-TN-EAT ----- ATQQDLIQ-ESSVIKRMLR --- HHQ-SFFGF -------------- HCAALPSP ---------------- DVNENWD [175] 
--SQPILHCPI-SN-EATAATVAAT-EHLIQ-ESNVVKRMLRHHYYHP-SFFGF -------------- HCS-FPSP ------------------ NENWD [190] 
---- SILLCPI-TS-EATTATVAATHEDLIQ-DSNVIKRMLR --- HFiS-SFFGF -------------- HCS-LPAP ---------------- NVNEDWN (201] 
---- SILHCPI-TN-EATASTVAATHEDLIQ-ESNVIKRMLR --- HHS-SFFGF -------------- HCS-LPSP ---------------- NVNENWD [201] 
--IQPILHCPI-TN-EATADTVVAT-KHLIQ-ESNVVKRNLR --- HHP-SFFGF -------------- I-!CS-LPST ---------------- NVNDNWD [190] 
---- SFLHCSI-TN-EATAATVAATHEDLIQ-ESNVIKRNLR---HHS-SFFGL -------------- YCS-LPSP ---------------- NVNENWD [2011 
1 
I 
310 320 	330 	3401 
.1 
Schizanthus_cycl VSNTLMSSSLSAAMTTSANNYSSQ --- VFQsC--DQ 11801 
Schizanthus_cyc2 ------------------------------ TL-------- 1154) 
Nicotiana_cyc2 -KGTT-SE-LQ ---- GRW ------- KQL-DSCHSNQ---- [174) 
Nicotiana_cyci MM ------------------------ L-IEQ---- [1701 
Scrophularia_Scycl --------------------------- VCAIL--DQHKFI [167] 
Scrophularia_Scyc2 --------------------------- VWAIL--DQHKFI  
Paulowniapcyc2 ICSFT----------------- SQSN-LCAIL--DQHKFI [2421 
PaulowniaPcycl ISNFT ----------------- SQSN-ICAIL--DQI-IKFI [2361 
Aritirrhunumcyc QSNLS----------------- SQSNQLCAIL--NQHKFI [165] 
Antirrhunurndjch YSNFT ----------------- SQSNQLCAIL--DQHKFI  
Tetranema_Tcyc2 YSNFI ----------------- AQSNQLCAIL--DQHKFI  
Calceolaria_Ccycl LSNLN----------------- SQSN-LSDIL--DQHKFI [170] 
Calceolaria_Ccyc2 MSSLN----------------- SQTN-LCDIL--DQHKFI [181] 
Jovellana_Ccyc2 ISNLN ----------------- SQSN-RCDTL--DQHKFI [1881 
EpithernaGcyc2 ISMS ----------------- EQSN ---- IL--DQHKFI [1881 
RamondaGcyc2 MSNLT----------------- AQSE-LCDIL--DQHKFI [1851 
CyrtandraGcyc2 ISSLT----------------- ARSN-LCDIL--DQHKFI [211] 
BesleriaGcycl ISSFN----------------- SQSN-LCDIL--DQHKFI [225] 
NapeanthusGcycl ISSIT----------------- SQSN-LCDIL--DQHKFI [2191 
TitanotrichumGcycl ISSLT----------------- SQSN-LCDIL--DQHKFI [228] 
Fieldia_GcyclE ISSLT ----------------- SQSN-LCDIL--DQHKFI  
Fieldia_GcyclF INSLT----------------- SQSN-ICDIL--DQHKFI [234] 
MitrariaGcyclE ISSLT----------------- SQSN-LCDIL--DQHKFI [231] 
ChrysothemisGcycl INSLT----------------- SQSN-LCDIL--DQHKFI [218] 
Sinningia_Gcycl INSLT----------------- SQSN-LCDIL--DQHKFI [216] 
Kohleria_Gcycl VNSLT----------------- SQSN-LCDIL--DQHKFI [218] 
GesneriaGcycl INSLT ----------------- SQSN-LCDIL- -DQHKFI [218] 
EpithemaGcycl ITSLP----------------- SQSN-LCDIL--DQHKFI [188] 
RamondaGcycl ISSLT ---------------- SSQSN-FCDIL--DQFIKFI [177] 
Sti.holstii_GcyclA VGSLT----------------- SQSN-LCDIL--DQHKFI [1981 
Sti.holstiiGcyclB AGSLT----------------- SQSN-LCDIL--DQHKFI [1951 
DidymocarpusGcyclC VSSLT----------------- SQTN-FCDIL--DQHKFI [210] 
DidymocarpusGcyclD VSSLT----------------- SQSN-FCDIL--DQHKFI [221] 
Cyrtandra_Gcycl VSSLT ----------------- SQSN-FCDIL- -DQHKFI [2211 
Loxostigma_GcyclC VSSLT----------------- SQSN-FCDIL--DQHKFI [2101 
Loxostigma_GcyclD ASSLT----------------- SQSN-FCDIL--DQHKFI [221] 
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Appendix 6A. Reconstructed phylogenetic trees from trnL-F data. 1) strict consensus tree. 
2) 50% majority consensus tree. 3) one of 12 most parsimony trees. 4) maximum likelihood tree. 
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Appendix 6B. Reconstructed phylogenetic trees from atpB-rbcL data. 1) strict consensus tree. 
2) 50% majority consensus tree. 3) one of 149 most parsimony trees. 4) maximum likelihood tree. 
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Appendix 6C. Reconstructed phylogenetic trees from 26S data. 1) strict consensus tree. 
2) 50% majority consensus tree. 3) one of 198 most parsimony trees. 4) maximum likelihood tree. 
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Appendix 6D. Reconstructed phylogenetic tree from 3-gene combined data. 1) strict consensus tree. 
2) 50% majority consensus tree. 3) one of 19 most parsimony trees. 4) maximum likelihood tree. 
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Appendix 6E. Reconstructed phylogenetic trees from CYCLOIDEA DNA data. 1) strict consensus tree. 
2) 50% majority consensus tree. 3) one of 12 most parsimony trees. 4) maximum likelihood tree. 
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Appendix 6F. Reconstructed phylogenetic trees from CYCLOIDEA protein data. 1) strict consensus tree. 
2) 50% majority consensus tree. 3) one of 324 most parsimony trees. 4) maximum likelihood tree. 
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Appendix 6G. Reconstructed phylogenetic trees from 3-gene combined (reduced taxa) data. 
1) strict consensus tree. 2) 50% majority consensus tree. 3) one of 32 most parsimony trees. 4) one 
of two RI reweighted three. 
APPENDIX 7. Aligned matrix for the Gesner FLO/LFY second exon region (Chapter 4) 















Streptocarpus . rexii 
Besleria. labiosa 
Arabidopsis 





Streptocarpus . rexii 
Bee lena. labiosa 
GGGTTATCTGAGGAACCGGTGCAGCAACAAGACCAGACTGATGCGGCGGGGAATAACGGCGGAGGAGGAAGTGGTTACTGGGAC---------------G [85] 
GGGTTGTCTGAGGAACCAGTGCAGCAGCAAGAG - - -AGAGAAGCAGTTGGAAGCGGCGGAGGGGGA------ACGACATGGGAA- - - GTGGTGGCGGCAG  (88] 
GGGTTGTCTGAGGAACCAGTGCAGCAGCAAGAG ---  AGAGAAGCAGTGGGAAGTGGCGGAGGGGGA------ACGACATGGGAA ---  GTGGTGGCGGCAG [88] 
GGGTTATCTGAGGAACCAGTGCAGCAGCAAGAG ---AGAGAAGCAGCGGGAAGCGGCGGAGGAGGG------ACGGCATGGGAA- - -GTGGTGGCGCCAG [88] 
GGGTTGTCGGAGGAGCCGGTGCAGCAAGAAAAG------GAAGCAATGGGAAGCGGCGGAGGCGGTGTAGGAGGCGTGTGGGAAATGATGGGGGCGGGTG [94] 
GGGCTGTCGGAGGAACCAGTGCAACAAGAGAAG ------ GAGGCAGCAGGAAGCGGTGGTGGTGGA. ---  GGAGGTGTGTGGGAGATGGTGGTGGCGGGTG [91] 
GGACTATCGGAGGAGCATGTGCAACAAGAGAAG ------ GAGGCGGCCGGRAGCGGCGGTGGAGGA ------ AGGGTGTGGGAAATGGTA- - -GCTTCY- 	[84] 
GGGCTGTCGGAGGAGCCAGTGCAACAAGAGAAG ------ GAGGCGGCGGGAAGCGGTGGAGGTGGA --- GGAGGGGTGTGGGAGATGGTGGTGGCTACA- [90] 
110 	120 	130 	140 	150 	160 	170 	180 	190 	2001 
CAGGTCAGGAAAGATGAAGAAGCAACAGCAGCAGAGACGGAGAAAGAAACCAATGCTGACGTCAGTGGAAACC ---  GACGAAGACGTCAACGAAGGTGA [182] 
TTGGCGGTGGAAGAATGAAA --- CAA --------- AGAAGGAGGAAGAAGGTGGTGTCGACGGGGAGGGAGAGA --- AGGGGAAGAGCGTCGGCGGAGGA [173] 
CTGGCGGTGGGAGAATGAAA --- CAA --------- AGGAGGAGGAAGAAGGTGGTGGCGGCGGGGAGGGAGAAA- -- AGGGGAGGAGCGTCGGCGGAGGA [173) 
GCGGTGGC - - -AGAATGAGA- --  CAA--------- AGGAGGAGGAAGAAGGTGGTGGTG --- GGGAGGGAGAGA- - - AGGGGGTCA - - -TCAATGGAGGA 	[1641 
GT ------ CGAAAAGCACCG --- CAG ------ CGGCGTAGGAAGAATTACAAA --------- GGGAGGTCTAGA --- ATG ------ GCTTCGATGGAGGA [161] 
GC ------ AGGAAG --------- CAG ------ CGGCGGAGGAAAAACTATAPA --------- GGGCGGTCAAGA --- ATG ------ ACTTCAATGGAGGA 	[152) 
- -GGCGGTAGGAAG---------CAG------CGGAGGAGGAAAAACTGTAAA---------GGTAGGTTAAGA --- ATG ------ RCTTCAATGGAAGA 	[149] 
- -GGTGGCAGGAAG---------CAG------CGGCGGAGGAAAAATTATAAG---------GGGCGGTCAAGATTAATG------GCTTCAATGGAGGA [1581 
210 	220 	230 	240 	250 	260 	270 	280 	290 	3001 
GGATGACGAC ------------------------ GGGATG --- GAT ------------ AACGGCAAC --- GGAGGTAGTGGTTTGGGGACAGAGAGACAG 	[240] 
GGATGAA --------------- GAAACGGAGGAAGGTCAAGAAGATGAGTGG ------ AATATTAACGACGCCGGGGGAGGA --- ATAAGCGAGAGGCAA [249] 
GGATGAA --------------- GAAACGGAGGAAGGTCAAGAAGATGACTGG ------ AACATTAACGACGCCAGTGGAGGA --- ATAAGCGAGAGGCAA 	[249] 
AGATGAAGAC --------------- ACGGAGGAGGGACAAGAAGATAATGAAGATTATAACATTAATAATGAGGGTGGTGGAGGAATTAGCGAGAGACAA [249] 
GGATGATGATGATGATGACGACGAAACCGAA- - -GGGGCGGAAGACGACGAA------AATATCGTA---------------------AGCGAGCGGCAG 	[231] 
GGAAGAG --------- GACGAAGAAACCGAG - - -GGAGCGGAGGATGATGAG---------------AATGGCGGTGGAGGAGGA --- AGTGAGCGGCAG [2221 
GGATGAC --------- GATGACGAAACCGAG --- GGCCCGGAGGACGATGAC---------------AACTGCGGAGGCGGAGGT------GAACGGCAG 	[216] 
RGAAGAA---------GACGAAGAAACWGAG ---  GGAGCGGAGGATGATGAG---------------AATGGCGGAGGAGGAGGAGGAAGTGAGCGGCAG [231] 
310 	320 	330 	340 	350 	360 	370 	380 	390 	4001 
Arab idops is AGGGAGCATCCGTTTATCGTAACGGAGCCTGGGGAAGTGGCACGTGGCAAAAAGAACGGCTTAGATTATCTGTTCCACTTGTACGAACAATGCCGTGAGT [340] 
Nicotiana . NFL1 AGGGAGCATCCTTTTATCGTGACGGAGCCAGGTGAGGTGGCGCGTGGGAAAAAGAACGGCTTGGATTACTTGTTCCACCTCTACGAGCAATGCCGGGATT [349] 
Nicotiana NFL2 [349] 
Petunia . Lfy AGGGAACATCCCTTCATAGTAACTGAGCCTGGGGAGGTGGCGCGTGGCAAAAAGAATGGCTTAGATTACTTGTTCCATCTCTATGAACAATGCAGGGATT (349] 
Ant irrihum AGGGAGCATCCGTTTATCGTGACGGAGCCCGGAGAGGTGGCGCGTGGGAAAAAGAATGGTCTTGATTATTTGTTTCATTTGTACGAGCAATGCCGCGACT [331] 
Tjtanotrjchum AGGGAGCATCCCTTTATTGTGACGGAGCCGGGGGAGGTGGCGCGTGGGAAAAAGAACGGCCTTGATTATCTCTTCCATCTCTATGAGCAGTGCCGTGAGT [322] 
St reptocarpus . rexi i AGGGAGCATCCATTTATCGTGACGGAGCCGGGGGAGGTGGCGCGTGGGAAGAAGAACGGGCTGGACTATCTCTTCCACCTCTATGAACAGTGCCGGGAGT [316] 
Besleria. labiosa AGGGAGCATCCRTTTATTGTGACGGAGCCGGGGGAGGTGGCGCGTGGGAAAAAGAACGGGCTTGATTATCTGTTCCATCTGTATGAGCAGTGCCGTGAGT [331] 
410 	420 	430 	440 	450 
Arabidopsis TCCTTCTTCAGGTCCAGACAATTGCTAAAGACCGTGGCGAAAAATGCCCCACCAAG 	(396) 
Ni cot i aria . NFL1 TCTTGATTCAAGTTCAGAATATTGCCAAGGAACGTGGTGAAAAATGTCCCACTAAG [405) 
Ni cot iana . NFL2 TCTTGATCCAAGTTCAGAATATTGCCAAGGAACGTGGTGAAAAATGCCCCACTAAG 	[405] 
Petunia. Lfy TCTTGATCCAAGTTCAGAATATTGCCAAGGAACGTGGTGAAAAATGCCCTACTAAG [405] 
Ant irrihum TCTTGATCCAAGTTCAAACTATTGCTAAGGAGAGAGGTGAAAAATGTCCCACTAAG 	[387] 
Titanotrichurn TCTTGATCCAAGTTCAGAACATTTCCAAGGAAAGAGGCGAAAAATGTCCCACCAAG [378] 
Streptocarpus . rexi i TCTTGATCCAAGTTCAGAATATTGCAAAGGAAAGAGGCGAAAAATGCCCAGCCAAG 	[372] 
Besleria.labiosa TCTTGATCCAA????????????????????????????????????????????? [387) 
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Appendix 8: Scoring of 153 RAPID + interSSR amplified loci among 283 studied individuals 
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Appendix 8: Scoring 01153 RAPD + lnterSSR amplified loci among 283 studied individuals 
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Appendix 9. Possible pollinators of Titanotrichum oldhamii A. 
Notocrvpta cun'ifascia  B. Xvlocopa appendiculata (the largest ones), 
Xvlocopa sp. (medium sized), Ceratinaflavipes (the smallest ones). 
